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Chapter 1 
INTRODUCTION 
Leguminous crops occupy very important position in Indian 
agriculture and contain nearly three times protein as in \he cereals. 
These crops are therefore, the main source of protein (Chand and 
Shrivastava, 1982; Ali and Kumar, 2006) for the predominantly large 
vegetarian population of the country. Leguminous crops are 
generally included in the cropping system patterns to make soil 
productive because of their unique ability to fix atmospheric 
nitrogen vv/ith the help of nitrogen fixing bacteria. In India, these are 
being cultivated in 22.47 million hectares with an average 
production of 13.38 million tones (Ali and Kumar, 2006). 
Chickpea [Cicer ariefinum I.) is most important pulse crop of India 
and the best legume-for human consumption. It occupies about 3/4 
of wheat acreage of India and constitutes nearly 2/5 of the pulse 
crops of the country. Northern India accounts for nearly about 90 % 
of the annual area and about 95 % of the production (Anonymous, 
1969). The major chickpea producing states of India are Madhya 
Pradesh, Rajasthan, Uttar Pradesh, Maharasthra and Andhra 
Pradesh together contributes 86 % of the total chickpea production. 
Chickpea is always grown as cold weather (Rabi) crop. It is grown 
alone or mixed with wheat, barley, linseed, sunflower and mustard. 
Chickpea does not need a very fine seed bed. Sowing is done in 
October and November. The crop is irrigated once or tv/ice and 
only vv'hen soil gets much dried. The crop matures within 90 to 150 
days depending upon the variety sown. The varieties differ in colour 
of grain from white to yellow, brownish red to black. Harvesting is 
done from the middle of March to April. 
Chickpea seeds are eaten fre.sh as green vegetable, parched, fried, 
roasted and boiled as snack food. Seeds ore ground and the flour 
can be used as soup, dal and to make bread prepared with pepper 
and salt (Hulse, 1991). Sprouted seeds are eaten as vegetables or 
added to salads. Young plants and green pods are eaten like 
spinach. Fresh and sprouted seeds contribute Vitamin C and are 
recommended against Scurvy. Malic and Oxalic acids collected 
from green leaves are prescribed for intestinal disorders. Soaked 
grains and husk are fed to horses and cattle. 
The common fungal diseases of chickpea that occur in India are 
blight [Mycosphaerella rabiei), dry root-rot (Mocrophomino 
phaseolina], root-rot (Fusarium solani, Opercullela padwickii, 
Pellicularia filamenfoso], stem-rot (Sclerofinia sclerofiorum], wilt 
(Fusarium oxysporum f. ciceri) and rust (Uromyces ciceris-arietini). 
Macrophomina phaseolina is an important pathogen of chickpea, 
distributed world-wide and causes charcoal rot on more than 500 
hosts (Sinclair, 1984). Tine symptoms appear on the roots causing 
primary and secondary decaying ot the roots. 
The nematodes known to parasitize chickpea include A/le/oidog/ne 
incognita, M. jovanico. Rofylenchulus reniformis, l-leferodera cajani, 
H. vigni, Tyienciiorlnynciius brevidens, T. brevilineafus, T. moslilioodi, 
T. vulgaris, HirsclimanieHa mucronafa, H. oryzae, Helicofylenclius 
dihysfera, H. st)arafafi, Tylenclius spp. and Xiphinema basiri. 
Although 11 genera and 26 species of nematodes are known to 
parasitize chickpea (Gill, 1989) but root- knot nematodes, 
Meloidogyne spp. is the key pest (Sharma and Mc Donald, 1990). 
The yield loss caused by Meloidogyne spp., to this crop in India is 
about 40 % (Upadhyay and Dwivedi, 1987). 
Presence of A/le/o;dogyne incognita and Macropliomina phaseo/i'na 
in chickpea field cause a root-rot disease complex (Siddiqui and 
Husain, 1991a, 1992). Occurrence of both the pathogens on 
chickpea roots is known to cause synergistic interaction and is a 
major constraint in the successful cultivation of this important crop 
(Siddiqui and Husain, 1992). 
The growing concern-about the toxic effects of chemical pesticides 
has created a need to develop suitable non-toxic and eco-friendly 
alternative methods for the management of plant diseases. The 
rhizosphere provides a front line defense against pathogen attack 
to root (Weller, 1988). The rhizoplane and surrounding rhizosphere soil 
ore colonized or occupied by a wide range of microorganisms. Of 
the various microorganisms present, arbuscular mycorrhizal (AM) 
fungi are of great value in promoting uptake of phosphorus, minor 
elements and water. AM fungi also increase plant growth and yield 
of several crops (Allen, 1996; Gianinazzi et a/., 2002; Jefferies et a(., 
2003; Bareaetal. , 2005). 
Some other microorganisms that are associated with the roots of 
crop plants and play on important role in mobilization and 
immobilization of phosphorus are known as phosphate solubilizing 
microorganisms (PSM). PSM largely include bacteria and fungi. 
Solubilization of insoluble inorganic compounds is brought by some 
of the species of Bacillus, Pseudomonas, Micrococcus, 
Flavobacferium, Penicillium and Aspergillus. These genera have 
shown the capacity of solubilizing insoluble inorganic phosphate 
such as rock phosphate, tricalcium phosphate, iron and aluminium 
phosphate by production of organic acids (Tilak, 1991). They con 
also mineralize organic phosphate compounds present in organic 
manures and soils. Most efficient phosphate solubilizing 
microorganisms were identified as Pseudomonas sfraifo, 
Paenibacillus polymyxa, Penicillium digifafum, Aspergillus awamori 
and Aspergillus niger (Tilak, 1,991). These microorganisms have the 
capacity to increase the growtin and yield ot crop plants (Tilak, 1991; 
Gupta and Nanndeo, 1997; Toro ef. ai, 1997; Ozgonen ef. a/., 1999) 
besides reducing disease severity (Weller, 1988; Siddiqui and 
Mahnnood, 1999a). 
In general, a single biocontrol agent is used to control a plant 
disease by a single pathiogen (Wilson and Backmon 1999). Ttnis may 
sometimes account tor the inconsistent performance by the 
biocontrol agent, because a single agent is not active in all soil 
environments or against all pathogens that at tackthe host plant. On 
the other hand, mixtures of biocontrol agents vv'ith different plant 
colonization patterns may be useful for in controlling different plant 
pathogens via different mechanisms of disease suppression. 
Moreover, mixtures of biocontrol agents v^ith taxonomically different 
organisms that require different optimum temperatures, pHs, and 
moisture conditions may colonize roots more aggressively, improve 
plant growth and efficacy of biocontrol. Therefore, I used 
phosphate solubilizing bacteria and AM fungi in combination to 
increase the efficacy of the biocontrol agents. 
Keeping the significance of AM fungi and other phosphate 
solubilising microorganisms (PSM) in mind, studies were conducted in 
the pot condition. Organisms found best under pot condition were 
further tested for their biocontrol potential under field condition. Due 
to different root colonization pattern PSM and AM fungi were used in 
combination to achieve better biocontrol of root-rot disease. These 
organisms were also used with root-nodule bacterium because root-
nodule bacterium is generally used with chickpea crop under field 
condtion. Attempts were made to achieve following objectives. 
Objectives of the study 
1. Survey of chickpea fields were conducted for root-rot disease 
complex caused by root-knot nematode Meloidogyne incognita 
(Kofoid and White) Chitwood and root-rot fungus Mocropfiomina 
phaseolina (Tassi) Gold. 
2. AM fungi and other phosphate solubilizing microorganisms (PSM) 
were isolated from pathogen suppressive soils of chickpea fields. 
3. Isolates of AM fungi (Glomus fasciculafum and G. infraradices) 
and other PSM were tested for their biocontrol potential under 
greenhouse both in mono and bi-pathogenic conditions. 
4. Effect of root-nodule bacterium Rhizobium sp. was observed 
alone and in combination with AM fungus and other PSM on the 
root-rot disease complex. 
5. Potential isolates obtained through greenhouse assay were 
tested for the management of a root-rot disease complex of 
chickpea under pot and field conditions. 
6. Chlorophyll and N P K concentrations of shoots were estimated in 
plant inoculated with pathogens, AM fungus, other PSM and 
uninoculated ones. 
7. Siderophores production by PSM (Pseudomonas) isolates was also 
estimated. 
8. Pseudomonas and Bacidus'.spp. isolated from disease suppressive 
soils were characterized using finger print typing of total cell 
proteins by sodium dodecyl sulphate polyocrylamide gel 
electrophoresis (SDS-PAGE) for the comprison of protein bands of 
these species. 
Review 
of 
LCtercUure/ 
Chapter 2 
REVIEW OF LITERATURE 
Soil is extremely important for the maintenance of most life processes. 
It provides a natural resource for biotic and abiotic interactions. 
Microorganisms present in the rhizosphere play an important role in 
the maintenance of soil quality and plant health (Barea ef a/., 2005). 
Soil serves as a reservoir of nutrients and water for crops and also 
provides mechanical anchorage. 
2.1 Rhizosphere 
The rhizosphere is the zone surrounding the roots of plants in which 
complex relations exist among the plant, the soil microorganisms and 
the soil itself. It harbors a large number of microorganisms some of 
them are pathogenic and other are non-pathogenic. Every 
rhizosphere soil has an antagonistic potential' against specific 
pathogenic microorganisms (Sikora, 1992). Microorganisms with 
antagonistic potential may be used as biocontrol agents in disease 
management. Disease suppression by a biocontrol agent is the 
manifestation of interactions among the plant, the pathogen, the 
biocontrol agent, the microbial community on and around the plant, 
and the physical environment. Biocontrol of plant diseases is 
particularly complex because these diseases mostly occur in the 
dynamic environment at the interface of thie plant root as well as in 
thie aerial parts of the plants. Numerous recent reviews present 
comprehensively the role of variety of microbial biocontrol agents 
(Weller, 1988; Handelsman and Stabb, 1996; Siddiqui and Mahmood, 
1996a, 1999a; Whipps,' 2001; Weller et a/., 2002; Bakker et a/., 2003; 
Bareo et a/., 2005) in disease management. Amongst the rhizosphere 
microorganisms, AM fungi and other phosphate solubilizing 
microorganisms have received considerable attention in the 
biocontrol of plant pathogens. 
2.1.1 Arbuscular mycorrhlzal (AM) fungi 
The word mycorrhiza was first used by German researcher Albert 
Bernard Frank (1885).'It originates from the Greek word 'mycos' 
meaning 'fungus' and 'rhiza' meaning 'root'. Amongst the different 
types of mycorrhiza, arbuscular mycorrhiza is the most common and 
forms underground symbiotic association with roots. It is characterized 
by the bidirectional movements of nutrients, where carbon flows to 
the fungus and different nutrients move to the plant. AM fungi are 
obligate symbionts lacking septa. These are geographically 
ubiquitous and occur over a wide range of agrodimatic conditions. 
AM fungi have the widest host range and it is estimated that about 80 
% of vascular plants establish mutualistic relationship with AM fungi 
(Smith and Read, 1997). The AM association has been observed in 
200 families of planf represenfing 1,000 genera and abouf 3,00,000 
plant species (Bagyaraj, 1991). 
Tine AM fungi are included in the phylum Zygomycota, order 
Glomales (Redecker ef a/., 2000) but recently they have been placed 
into the phylum Glomeromycota (Schussler ef a/., 2001). The 
Glomeromycota is divided into 4 orders, 8 families, 10 genera and 150 
species. The common'genera are Acaulospora, Gigaspora, Glomus 
and Scufellospora (Schussler, 2005). 
The AM fungi are characterized by the extra radical mycelium and 
branched haustoria like structures within the cortical cells termed as 
'arbuscules'. These are the main sites for nutrient transfer between the 
two symbiotic partners (Hock-and Verma, 1995; Smith and Read, 
1997). The network of these ramifying hyphae supplies the plant with 
extensive supplementary pathway for absorbing mineral nutrients 
and water from the soil and it can facilitate mobilization of poorly 
mobile elements such as phosphorus, ammonium, zinc and copper 
(Smith and Read, 1997; Siddiqui and Mahmood, 2001). Role of AM 
fungi in the mamagement of nematode and fungal diseases have 
been summarized (Tables I and II). 
Table I. Ef fect of A M fung i o n t he roo t -kno t n e m a t o d e s a n d p lan t g r o w t h 
AM fungi Nematode Effect Reference 
G. mosseae 
Acaulospora 
laevis 
G. fasciculafum 
Gigaspora 
margarifa 
M. incognita Individually all the AM 
fungi reduced 
nematode reproduction 
but the highest 
reduction was caused 
by A. laevis on black 
pepper. 
Anandaraj ef oL, 
1990 
G. fasc/'culatum 
G. efunicafum 
M. incognifa Significantly reduced the 
galling and nematode 
population when pre-
inbculated with AM 
fungi on pepper. 
Sivaprasod ef al 
1990 
G. fasciculafum M. incognifa Prior inoculation of AM 
fungus reduced the 
nematode population 
on cowpeo . 
Devi and 
Goswami, 1992 
G. fascicutafum M. javanica Nematode populat ion 
was inhibited in 
mycorrhizal tomato. 
Sundorabobu ef 
al., 1993 
Glomus sp. M. javanica Nematode population 
was significantly lower 
on mycorrhizal Sahelian 
acacia than non 
mycorrhizal once. 
Duponnois and 
Cadet , 1994 
G. fasciculafum M. incognifa Prior inoculation of AM 
fungus reduced 
nematode population 
on blackgrom. 
Sonkaranarayonan 
and Sundarobabu, 
1994 
G. fasciculafum 
G. mosseae 
M. incognifa Prior inoculation of AM 
fungi adversely effect 
the nematode 
population than 
simultaneous inoculation 
but the highest 
reduction was caused 
by G. fasciculafum on 
brinjal. 
Shormo and 
Trivedi, 1994 
G. mosseae M. javanica Inoculation of AM fungus 
suppressed gall index 
and number of galls per 
root system on tomato. 
Al-Roddod, 1995 
G. fasciculotum M. incognifa Reduced the nematode 
population on chickpea. • 
Rao and 
Krishnappa, 1995 
AM fungi Nematode Effect Reference 
G. macrocarpum M. incognita Prior inoculation of AM" 
fungus caused 
significant reduction in 
galling and nematode 
population on Subobul. 
Sundararaju ef a/., 
1995 
G. margorifa M. arenaria 
G. efunicafum 
Inoculation of AM fungi 
caused increase in 
galling and egg 
production on peanut. 
Carling efal., 1996 
G. fasciculafum M. incognita Prior inoculation of AM 
fungus reduced the 
galling and also 
improved ttie NPK 
uptake on tomato. 
Mistira and Shuklo, 
1996 
G. fasciculatum M. incognito 
G. mosseae M. incognita 
Significantly reduced 
galls and no. of eggs per 
egg mass on tomato. 
Rao etal., 1996 
Reduced ttie galling 
and nematode 
population on Musa. 
Jaizme-Vega ef al. 
1997 
G. fasciculatum M. incognita AM fungus hiad adverse 
effect on nematode 
population on tomato. 
Mistira and Sfiuklo, 
1997 
G. mosseae M. incognita Significantly reduced the 
nematode population 
on Crossandra 
undulaefolia. 
Nagesh and 
Reddy, 1997 
G. introradices M. javonica AM fungus had no 
effect on nematode 
population on Musa. 
Pinochet etal. 
1997 
G. deserfi'cota M. incognita Reduced the nematode 
multiplication on,, 
tomato. 
Rao e ta l , , 1997 
G. fasciculatum M. incognita Reduced the nematode 
population on block 
gram. 
Sankaranoroyanon 
and Sundorobobu, 
1997a 
G. mosseae M. incognita AM fungus hod adverse 
effect on nematode 
population on block 
gram. 
Sankoranaroyanan 
and Sundorobobu, 
1997b 
G. mosseae M. incognita 
G. fasciculatum 
Reduced the nematode 
population but the 
highest reduction was 
caused by G. mosseae 
on okra. 
Sharmo and 
Trivedi, 1997 
AM fungi Nematode Effect Reference 
G. mosseae M. javanica Reduced the galling 
and nennatode 
multiplication on 
chiickpea. 
Siddiqui and 
Mahmood, 1997 
G. fasciculafum M. incognita Prior inoculation of AM. 
fuhgus hod the adverse 
effect on galling and 
nematode multiplication 
on borseem. 
Join e fa l . , 1998 
G. mosseae M. incognita Reduced the nematode 
population on brinjal but 
use with P. lilacinus gave 
better results. 
Roo etal., 1998a 
G. fasciculatum M. incognita Significantly reduced 
nematode population 
on brinjal but the results 
were more pronounced 
when used with castor 
cake. 
Rao e fa l . , 1998b 
G. deserticola M. incognita Nematode population 
was inhibited on tomato. 
Rao and Gowen, 
1998 
G. fasciculatum M. incognita Adverse effect on 
nematode multiplication 
on green gram. 
Ray and Dalei, 1998 
G. mosseae M. incognita Significantly reduced the 
galling and nematode 
multiplication on 
tomato. 
Reddy et ai, 1998 
G. mosseae 
G. fasciculatum 
M. incognita Inoculation of AM fungi 
reduced gall index and 
nematode population 
on black gram. 
Sankoranoroyanan 
and Sundarababu, 
1998 
G. fasciculatum M. incognita Nematode population 
was inhibited on 
cowpea . 
Sonthi and 
Sundarababu, 
1998 
G. mosseae M. javanica Reduced the nematode 
multiplication on 
tomato. 
Siddiqui and 
Mahmood , 1998 
G. fasciculatum M. incognita Reduced nematode 
multiplication on 
tomato. 
Nagesh etal. 
1999a 
G. mosseae 
G. fasciculatum 
G. intraradices 
A. laevis 
M. incognita Individually all the AM 
fungi had adverse effect 
on nematode 
population on 
Crossandra undulaefolia 
Nagesh et al. 
1999b 
13 
AM fungi 
G. aggregafum 
G. fasciculafum 
G. mosseae 
G. mosseae 
Nematode 
M. incognita 
M. incognita 
Effect 
Inoculation of oil the AM 
fungi reduced thie 
nematode populat ion 
but thie highest 
reduction was caused 
by G. aggregafum on 
l-lyoscyamus niger. 
Reduced the galling 
and nennatode 
nnultiplication on 
tomato. 
Reference 
Pondeyef a/., 1999 
1 
Rao eta/ . , 1999 
G. 
G. 
'G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
mosseae 
efunicatum 
mosseae 
mosseae 
fasciculafum 
mosseae 
intraradices 
fulvum 
mosseae 
intraradices 
mosseae 
etunicatum 
mosseae 
M. 
M. 
M. 
M. 
M 
M 
M 
M 
incognita 
incognita 
incognita 
incognita 
incognita 
javanica 
javanica 
incognita 
Adverse effect on 
nematode multiplication 
on black gram. 
Reduced the nematode 
multiplication on 
tomato. 
Adverse effect on 
nematode multiplication 
on tomato. 
Reduced the nematode 
population on Okra and 
Pennisetum glaucum. 
Had adverse effect on 
nematode multiplication 
but the highest 
reduction was caused,. 
by G. mosseae on 
brinjal. 
Significantly reduced the 
galling and nematode 
multiplication but the 
effect was more 
pronounced when used 
with ammonium 
sulphate on tomato. 
Inoculation of all the AM 
fungi had the adverse 
effect on nematode 
population on peach 
almond hybrid GF-677. 
Had adverse effect on 
nematode population 
on pearl millet and 
green gram. 
Sonkoranorayanan 
and Sundarababu, 
1999 
Bhagowati et al., 
2000 
Bhat and 
Mahmood, 2000 
Jothi e ta / . , 2000 
Jothi and 
Sundarababu, 2000 
SiddiquI and 
Mahmood, 2000 
Calvet eto/ . , 2001 
Jothi and 
Sundarababu, 2001 
1 
AM fungi Nematode Effect Reference 
G. mosseae M. javanica Reduced the nematode 
multiplication on 
ct i ickpea. 
Siddiqui and 
Mohmood, 2001 
G. mosseae M. incognita Reduced thie nematode 
multiplication on ctiilli. 
Sundarababu ef 
o/., 2001 
G. mosseae M. incognita Had adverse effect on 
nematode population 
on tomato. 
Talavera et al. 
2001 
G. etunicatum 
Isolate (KS18) 
G. mosseae 
Isolate (KS14) 
M. hop/a Significantly reduced the 
nematode multiplication 
but the highest 
reduction was caused 
by G. mosseae on 
• ' Pyrett^rum. 
Woceke et al., 
2001 
G. mosseae M. javanica 
G. macrocarpum 
G. caledonicum 
Hod an adverse effect 
on nematode 
multiplication on Musa. 
Elsen et al., 2002 
Glomus sp. M. incognita Reduced the nematode 
population on brinjal. 
Jothi and 
Sundarababu, 
2002 
G. fasciculatum M. incognita 
G. macrocarpum 
Gigaspora 
margarita 
A. laevis 
Sclerocystis dussii 
Inoculation of all the 
AM fungi reduced the 
nematode population 
on tomato but the 
highest reduction v^as 
caused by G. 
fasciculatum. 
Labeena et al. 
2002 
Glomus 
mosseae 
M. incognita Reduced the galling 
and nematode ' 
multiplication on tomato 
but use of AM fungus 
v^ith DAP gave the 
better results. 
Shafi e ta/ . , 2002 
Glomus sp. (K14) M. hapla Significantly suppressed Woceke et al. 
the nematode multi- 2002 
plication on Pyrethrum. 
G. fasciculatum M. incognita Reduced galling and Borah and 
nematode population Phukan, 2003 
on brinjal. 
G. coronatum M. incognita Prior inoculation of AM 
fungus reduced the 
nematode infestation on 
tomato. 
Diedhiou et al. 
2003 
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AM fungi Nematode Effect Reference 
G. mosseae 
G. infraradices 
G. fasciculafum 
Gigaspora 
gilmori 
M. incognita Inoculation of oil the AM 
fungi reduced galling 
and nennatode,. 
population but ttie 
highest reduction was 
caused by G. mosseae 
on chickpea. 
Jain and Trivedi, 
2003 
G. fasciculafum M. incognifa Reduced the nennatode 
population on tonnato. 
Pradhan efal. 
2003 
G. mosseae M. incognifa Reduced galling on 
okra. 
Sharma and 
Mishra, 2003 
G. fasciculafum 
G. mosseae 
M. incognifa Reduced the nematode 
population but the 
highest reduction was 
caused by G. 
fasciculafum on ginger. 
Nehro, 2004 
G. infraradices M. fiapla Reduced the no. of galls 
and egg-sacs on 
tomato cv. 'Hildores' but-
the biocontrol of 
nematode was not 
achieved in cv. 'Tiptop'. 
Masadeh ef al. 
2004 
G. aggregafum M. incognifa Significantly reduced the 
nematode population 
on Menftia arvensis. 
Pondey, 2005 
G. fasciculafum M. incognifa Reduced the nematode 
population on tomato 
but SBl-G.f. isolate was 
most effective than CTl-
G.f. isolate. 
Kontharaju etc/., 
2005 
G. mosseae 
G. manit^ofis 
M. incognifa Significantly reduced 
galling in AM fungus 
inoculated papaya 
plants. 
Joizme-Vega ef al. 
2006 
G. mosseae 
Gigaspora 
margarifa 
M. incognifa G.' mosseae was found 
better in improving plant 
growth and reducing 
galling and nematode 
multiplication than G. 
margarifa on tomato 
but the results was more 
pronounced when used 
with Poultry manure than 
any other organic 
manure. 
Siddiqui and 
Akhfor, 2007 
i 
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Table II. Effect of AM fungi on the fungal disease of plants 
AM fungi 
G. fasciculafum 
Glomus spp., 
G. fosciculafum. 
G. mosseae 
G. infraradices 
G. mosseae 
G. vesiformae 
Scufellospora 
sinuosa 
G. fasciculafum 
G. fasciculafum 
G. margarifa 
G. mosseae 
G. mosseae 
G. mosseae 
G. infraradices 
G. mosseae 
Fungus 
Macroptiomina 
pt\aseolina 
Verficillium albo-
afrum Fusarium 
oxysporum f. sp. 
medicaginis 
Fusarium 
oxysporum f. sp. 
lycopersici 
Verficillium 
dahliae 
Fusarium 
oxysporum 
Fusarium udum 
Fusarium udum 
Fusarium udum 
PFiyfopff^ora 
nicofianae var. 
parasifica 
Fusarium solani 
Aphanbmyces 
eufeiches 
Fusarium solani 
Effect 
Prior inoculation of AM 
fungus reduced the 
disease severity on 
cowpea . 
Seedlings inoculated with 
•., AM fungi hod o lower 
incidence of wilt in alfalfa 
than non mycorrhizal 
ones. 
Significantly reduced 
the disease severity but 
when appl ied with T. 
Fiarzianum it was found 
most effective. 
Inoculation of AM fungi 
reduced the disease 
indices in cot ton. 
Reduced wilt indices in 
chickpea. 
' Significantly reduced the 
disease severity in pigeon 
pea. 
Reduced wilt indices in 
pigeon pea. 
Reduced the disease 
severity on pigeon pea. 
Presence of AM fungus 
decreased both weight 
reduction and root 
necrosis. 
Reduced root diseases in 
common bean. 
'. Reduced the disease 
severity in pea. 
Significantly reduced the 
disease severity in 
chickpea. 
Reference 
Devi and 
Goswami, 
1992 
Hwang ef al., 
1992 
Datnoff ef al., 
1995 
Liu, 1995 
Rao and 
Krishnoppa, 
1995 
Siddiqui and 
Mohmood, 
1995a 
Siddiqui and 
Mohmood, 
1995b 
Siddiqui and 
Mohmood, 
1996b 
Trotto ef al., 
1996 
Dor efai, 
1997 
Kjoller and 
Rosendahl, 
1997 
Siddiqui and 
Mohmood, 1 
1997 
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AM fungi 
G. intraradices 
G. mosseae 
G. etunicatum 
G. mosseae 
G. /nfraradices 
G. clarum 
G/omus sp. 
G. proliferum, 
G. intraradices 
G. versiforme 
G. etunicatum 
G. intraradices 
G. mosseae 
G. intraradices 
G. claroideum 
Fungus 
Aphano'myces 
eufe/ches 
Fusarium udum 
Fusarium 
oxysporum f. sp. 
lycopersici 
F. solani 
R. solani . 
Rt)izoctonia 
solani 
Rh/zocfon/'a 
solani 
Cylindrocladium 
spathipt)ylli 
R. solani. 
Fusarium 
chlamydosporium 
Aphianomyces 
eufe/ches 
Effect 
Reduced disease severity 
in pea. 
Reduced the disease 
severity in pigeon pea. 
Reduced the disease 
severity on tomato. 
Significantly reduced the 
severity of diseases on 
peanut. 
Defense response elicited 
by R. solani is significantly 
suppressed by 
colonization of AM fungus 
in alfalfa. 
Significantly reduced root 
necrosis and number of 
sclerotia on cowpeo . 
Inoculation of AM fungi 
significantly increased 
growth and reduced the 
disease severity both in 
pathogen inoculated 
and uninoculated 
banana plants but 
'- inoculation of Glomus sp. 
and G. proliferum caused 
greatest increase in plant 
growth. 
Significantly reduced the 
disease severity in micro 
propagated banana. 
Reduced the root-rot 
disease of Coleus but the 
best management was 
obtained when used with 
r. viridae. 
Reduced the disease 
severity on pea but the 
effects were more 
pronounced in plant with 
G. intraradices than 
• G. claroideum. 
Reference 
Bodkar ef al., , 
1998 
Siddiqui et al., 
1998 
Bhagawati et 
al.. 2000 
Elsayed 
Abdalla and 
Abdel Fattah, 
2000 
Guenoune et 
al., 2001 
1 
Abdel-Fattah 
and Shabano, 
2002 
Declerckef a/.,, 
2002 
i 
Yao et ai. 
2002 
Boby and 
Bagyaraj, 2003 
Thygesen et 
al.. 2004 1 
i 
AM fungi 
G. fasciculafum 
G. infraradices 
G. mosseae 
BEG 12 
G. mosseae 
G. efunicafum 
BEG 168 
Fungus 
Fusarium 
oxysporum f 
ciceris 
Fusarium 
oxyspomm f 
lycopersici 
Rhizocfonia 
solani 
Aifemaria 
frificina 
Fusarium 
oxysporum f. 
sp. 
sp. 
sp. 
cucumerinum 
Effect 
". Reduced the disease 
severity in chiickpea. 
Reduced ttie severity of 
disease in tonnato. 
Significantly decreased 
the epiphytic and 
parasitic grov^/fh of the 
pathogen in tomato. 
Reduced the percent 
infected leaf area on 
wheat. 
AM fungus influenced 
secondary metabolites 
and increase resistance to 
wilt disease in cucumber 
" seedlings. 
Reference 
Siddiqui and 
Singh, 2004 
Akkopru and 
Demir, 2005 
Berta ef a/., 
2005 
Siddiqui and 
Singh, 2005a 
i 
Hao ef a/.. 
2005 
2.1.2 Other Phosptiate Solubilizing Microorganisms (PSM) 
The microorganisms which offer a biological rescue system capable 
of solubilizirng the insoluble inorganic phosphorus (P) of soil and make 
it available to the plants called phosphate solubilizing microorganisms 
(PSM). Such microbes not only assimilate P but a large portion of 
soluble phosphate is released in quantities in excess of their own 
requirement (Tilak ef a/., 2005). ' 
The rhizosphere is subject to dramatic changes and the dynamic 
nature of the rhizosphere creates interactions that lead to biocontrol 
of diseases (Rovira, 1991; Siddiqui, 2006). PSM enhance emergence, 
colonize roots and stimulate overall plant growth and also improve 
seed germination, root development, mineral nutrition and water 
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utilization. The manipulation of the crop rhizosphere by inoculation 
with PSM for biocontrol of plant pathogens has shown considerable 
promise (Handelsman and Stabb, 1996; Siddiqui and Mahmood, 
1999a; Weller ef a/., 2002; Nelson, 2004). Role of PSM and other plant 
growth promoting rhizobacteria (PGPR) in the management of plant 
pathogens have been-summarized (Tables III and IV). 
Table III. Effect of other PSM and PGPR on root-knot nematodes 
PSM / PGPR 
Bacillus 
licheniformis. 
P. mindocina 
Bacillus 
licheniformis, 
Alcaligenes 
faecalis 
B. cere us 
B. subfilis 
6. subfilis 
B. subtilis 
Endophytic 
bacterial 
stains 
P. pufida. 
P. fluorescens 
Nematode 
M. incognifa 
M. incognifa 
M. jovonica 
M. incognifa 
M. incognifa 
M. incognifa 
M. incognifa 
Meloidogyne 
spp. 
Effect 
B. liclneniformis caused 
greater reduction in 
nematode multiplication 
than P. mindocina on 
tomato. 
6.. lict)eniformis caused 
greater reduction in 
nematode multiplication 
than A. faecalis on 
chickpea. 
Inhibited penetration of 
nematodes on tomato 
roots. 
6. subfilis reduced 
nematode multiplication 
and improved growth of 
chickpea. 
Reduced nematode 
population on tomato. 
Seed treatment with 
bacteria reduced 
nematode multiplication 
on chickpea. 
Reduced galling of cot ton 
roots by root-knot 
nematode. 
inhibited invasion of 
Meloidogyne spp. in 
banana, maize and 
tomato. 
Reference 
Siddiqui and 
Husain, 1991b 
Siddiqui and 
Mahmood, 1992 
Oka efal., 1993 
Siddiqui and 
Mahmood, 1993 
Gautam efal., 
1995 
Siddiqui and 
Mahmood, 
1995c 
Hallmann ef al., 
1997 
Aalten ef al., 
1998 
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PSM / PGPR 
P. fluorescens 
P. fluorescens 
PRS9 
B. polymyxa 
B. subfilis 
Azofobacfer 
chroococcum 
Azospin'/lium 
lipoferum 
B. subfilis 
P. aeruginosa 
P. aeruginosa 
P. fluorescens, 
Azofobacfer 
chroococcum 
Azospirillum 
brasilense 
P. fluorescens 
(strains GRP3 
and PRS9) 
P. fluorescens 
P. fluorescens. 
Azospirillum 
brasilense, 
Azofobacfer, 
ct)roococcum 
Microphos 
Nematode 
M. 
M. 
M. 
M. 
M. 
M. 
M 
M 
M 
M 
javanica 
incognifa 
incognifa 
javaniea 
javanica 
incognifa 
javanica 
. incognifa 
incognifa 
. incognifa 
Effect 
Reduced the nematode 
multiplication and 
morphometries of M. 
javanica females on 
tomato in different soil. 
Reduced the galling and 
nematode population on 
tomato. 
Reduced the no. of galls 
per root system, egg-mdss 
production and nematode 
population on mung bean. 
Greatest growth of tomato 
and high reduction in 
nematode multiplication 
occurred when ammonium 
sulphate was used with 6. 
subfilis and G. mosseae. 
Reduced the galling and 
nematode population on 
tomato. 
Reduced the galling on 
tomato. 
Use of P. fluorescens with 
Glomus mosseae was better 
in improving chickpea 
growth and reducing 
galling and nematode 
multiplication than their 
individual treatments. 
GRP3 strain was better in 
reducing galling and 
nematode multiplication 
than PRS9. 
Seed treatment significantly 
reduced the galling on 
okra. 
Best management of M. 
incognifa was obta ined 
when Microphos culture 
(mixture of P. sfraifa, ' B. 
polymyxa and Aspergillus 
awamori) was used with 
A. cfiroococcum and 
A. brasilense. 
Reference 
Siddiqui and 
Mahmood, 1998 
Khan and 
Akram, 2000 
Khan and 
Kaunsar, 2000 
Siddiqui and 
Mahmood, 2000 
Siddiqui ef ai, 
2000 
Siddiqui and 
Haque, 2001 
Siddiqui and 
Mahmood, 2001 
Siddiqui ef ai, 
2001 
Devi and Dutta, 
2002 
Siddiqui ef a/., 
2002 
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PSM / PGPR 
P. aeruginosa, 
P. fluorescens 
P. fluorescens 
CHAO 
Azofobacter 
chroochoccum 
Azospirillum 
sp. 
P. fluorescens, 
Azofobacter 
chroococcum 
P. fluorescens. 
Azofobacter 
chroococcum 
Azospirillum 
brasilense 
P. strait a 
Bacillus and 
Fluorescent 
pseudonnonads 
isolates 
Brevibacillus 
brevis or 
Bacillus subtilis 
Fluorescent 
Pseudomonas 
Nematode 
M. 
M. 
M. 
M. 
M. 
M. 
M 
M 
M. 
javanica 
javanica 
incognita 
incognita 
incognita 
incognita 
incognita. 
javanica 
incognita 
Effect 
Bare root dip or soil drenchi 
treatment reduced 
nematode penetration into 
tomato roots. 
Use of P. fluorescens with 
ammonium molybdate 
reduced the nematode 
penetration in mung bean. 
Azofobacter was better in 
reducing galling than 
Azospirillium sp in okra. 
Greater biocontrol of M. 
incognita was observed on 
tomato when P. fluorescens 
was used with the straw of 
Zea mays. 
P. fluorescens was better at 
improving tomato growth 
and reducing galling and 
nematode multiplication 
than A. cf)roococcum or A. 
brasilense. 
Reduced reproduction 
of M. incognita on pea. 
Four isolates of 
Pseudomonas and 2 of 
Bacillus (Pa70, Pfl8, Pa 116, 
Pa324, B18 and B160) were 
considered potentially 
useful for the biocontrol of 
nematodes. 
Use of B7 strain as seed 
dressing or soil drench was 
found to be most effective 
in reducing nematode 
population on mung bean. 
Out of 20 isolates, four 
isolates (Pf604, Pf605, Pf611 
and Pa616) have the 
biocontrol potential but 
isolate Pf605 caused 
greater reduction in 
nematode multiplication 
than other isolates used. 
Reference 
Siddiqui and 
Shaukat, 2002 
Hamid etai, 
2003 
Sharma and 
Mishro, 2003 
Siddiqui and 
Mohmood, 2003 
Siddiqui, 2004 
Siddiqui and 
Singh, 2005b 
Siddiqui ef a/.. 
2005 
Li ef al., 2005 
Siddiqui and 
Shakeel, 2006 
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Table IV. Ef fect of o t h e r PSM a n d PGPR o n f u n g a l d isease of p lants 
PSM / PGPR Fungus Effect Reference 
Pseudomonas 
spp (fluorescent 
strains) 
Gaeumannomyce 
s graminis 
27 % yield increased 
due to biocontrol of 
bacteria in winter 
wheat under field 
condit ion. 
De Freitas and 
Germida, 1990 
Fluorescent 
pseudonnonads 
Pyfhium ulfimum 
P17 
Significantly suppressed Emma, 1990 
root-rot disease on tulip. 
Increase of 62-78 % of 
dry weigfit of winter 
wheat grown in R. 
solani infected soil. 
P. cepacia R55, Rhizocfonia solani 
R85 
P. put/da R104 
De Freitas and 
Germida, 1991 
Pseudomonas 
fluorescens 
Fusarium sp. Observed induced 
resistance and phyto-
olexin accumulat ion in 
carnation. 
Von Peer e t a i . 
1991 
B. licheniformis, 
A. faecalis 
Macrophomina . 
phaseolina 
Reduced root-rot 
disease of chickpea. 
Siddiqui and 
Mahmood, 
1992 
P. pafida 
P. fluorescens 
P. alcaligenes 
Sclerofium rolfsii, 
Fusariunn 
Reduced the incidence 
of disease caused by 
S. rolfsii in bean, and 
Fusarium wilt of cot ton 
and tomato. 
Gomliel and 
Katan, 1993 
P. aureofaciens 
Q2-87 
G. grarDinis Inhibition of fungus was 
demonstrated both in 
vitro and in vivo. 
Harrison ef ai, 
1993 
B. subfilis M. phaseolina 6. subfilis was superior to 
P. lilacinus for the 
management of M. 
phaseolina on chickpea. 
Siddiqui and 
Mahmood, 
1993 
subfilis Fusarium udum Increased shoot dry 
weight and reduced wilt 
of pigeon pea. 
Siddiqui and 
Mahmood, 
1995a 
B. subfilis M. phaseolina B. subfilis resulted in 
greater shoot dry weight 
of chickpea than with 
any fungal filtrate. 
Siddiqui and 
Mahmood, 
1995c 
Bacillus subfils 
RB 14 
Rhizocfonia solani Antibiotics production 
by B. subf/7/s RB 14 isolate 
suppressed the damping 
off disease of tomato in 
vitro and in pot 
conditions. 
Asako and 
Shoda, 1996 
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PSM / PGPR Fungus Effect Reference 
P. fluorescens F. oxysporum f. 
sp. raphani 
A. brassicola. 
F. oxysporum 
Protected radish plants 
through induction of 
systemic resistance 
against these 
pathogens. 
Hof f landeta/ . 
1996 
P. chlororaphis 
2E3, 0 6 
Fusahum 
culmorurh 
Strong inhibition of the 
fungus on spring wheat 
in the field. 
Kropp e fa l . , 
1996 
Fluorescent 
Pseudomonos 
(CH31,CH1) 
Pyfhium 
aphonidermafum 
OP4 
Suppressed the root-rot 
disease on cucunnber. 
Moulin ef ai, 
1996 
P. pufida, 
5. morcescens, 
Flavomonas 
oryzihabifans, 
6. pum/lus 
Collecfofrichum 
orbiculore 
ISR was operative under 
field conditions against 
naturally occurring 
anthracnose disease of 
cucumber. 
Weief a/., 
1996 
Bacillus subfilis, 
6. cereus 
isolates 
P. corrugafa 
Gaeumannomyce Bacillus isolate A47 and 
s graminis 
Rhizocfonia solani 
B. subfilis B908 reduced 
the take-all disease in 
sodic acid soil while B. 
subtils B931 was more 
effective in reducing 
Rhizocfonia root-rot in 
calcareous sandy loom 
soil of wheat. 
Maarten ef ai, 
1998 
B. subfilis Fusarium udum Seed treatment with B. 
subfilis significantly 
reduced the incidence 
of wilt of pigeon pea. 
Podile and 
Laxmi, 1998 
B. pumilus 
B. subfilis 
Curfobacferium 
flaccumfaciens 
Collecfofricf)um 
orbiculare 
Mixture of these strains 
as seed treatment 
caused disease 
reduction on cucumber. 
Raupach and 
Kloepper, 1998 
Pseudomonas 
Ps JN 
Verficillium 
dahliae 
Reduced disease Sharma and 
incidence in tomato. Nowak, 1998 
P. fluorescens Fusarium udum Wilt incidence was 
reduced in pigeon pea. 
Siddiqui ef al. 
1998 
P. corrugafe 
P. aureofaciens 
Pyfhium 
aphionidermafum 
Induced systemic • resis- Chen efal., 
tance in cucumber roots. 1999 
P. pufido 
B. subfilis, 
E. aerogenes 
E. agglomerans, 
B. cereus 
Pyfhium sp. Most strains increased 
root length of cucumber 
in Pyfhium infected 
plants in vifro. 
Utkhede e fa l . 
1999 
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PSM / PGPR 
6. subfilis 
P. putida 
6. pumilus SE34 
S. marsescens 
90-166 
P. fluorescens 
PRS9 6. 
poiymyxa 
Pseudomonas 
aeruginosa 
Bacillus 
megaferium 
(B153-2-2) 
B. subfilis 
P. fluorescens 
Aspergillus 
awamori, 
A. niger, 
P. digifafum 
Flourescent 
Pseudomonads 
isolates 
B. subfilis AFl 
Pseudomonas 
fluorescens 
Fungus 
Pyfiium 
aphanidermatum, 
F. oxysporum f. sp. 
cucurbifacearum 
Cronarfium 
quercuum f. sp. 
fusiforme 
Fusarium 
oxysporum f. sp. 
lycopersici 
M. pf)aseolina 
F. oxysporum 
F. solani 
R. solani 
Rf^izocfonia solani 
F. oxysporum f. 
sp. lycopersici 
F. oxysporum 
Aspergillus niger. 
Fusarium udum 
RFiizocfonia solani 
Effect 
Growth and yield of 
lettuce and cucunnber 
were increased and 
disease severity 
reduced. 
Two bacterial isolates 
out of 8 significantly 
reduced number of galls 
and induced systemic 
resistance against 
fusiform rust on Loblolly 
pine. 
Reduced the wilting 
index and rhizosphere 
population of fungus on 
tomato. 
Significantly suppressed 
growth of root infecting 
fungi on tomato. 
Seed treatment 
significantly reduced 
damage caused by R. 
solani on soybean in 
different soil. 
Use of all the PSM 
increased the yield and 
also reduced • the 
rhizospheric population 
of wilt fungus by 23-
49 % on tomato. 
All the 5 isolates hove 
shown the antifungal 
activity against the 
pathogen. 
AFl supplemented with 
chitin or chitin material 
showed better control of 
crown rot and wilt 
disease of ground nut 
and pigeon pea. 
Mixture of 3 strains 
reduced disease and 
promoted growth, of 
rice. 
Reference 
Amer and 
Utkhede, 2000 
Enebak and 
Carey, 2000 
Khan and 
Akram, 2000 
Siddiqui ef ai, 
2000 
Zheng and 
Sinclair, 2000 
Khan and 
Khan, 2001 
Kumar ef a/., 
2001 
Manjula and 
Podile, 2001 
Nandakumar 
efal.,200] 
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PSM / PGPR 
P. pufida 
Pseodomonas 
sp. EM85 
Bacillus sp. 
(MR-11(2),MRF) 
S. marcescens 
90-166 
Pseudomonas 
fluorescens 
P. aeruginosa 
B. subtilis 
Pseudomonas 
fluorescens 4-92 
Pseudonnonas 
PSJn 
P. aeruginosa 
P. fluorescens 
Bacillus species 
BC121 
Fungus 
Fusarium 
oxysporum f. sp. 
nnelonis 
F. moniliformae, F. 
graminearunn M. 
pt)aseolina 
Collecfofrichum 
orbiculare 
Collecfofrichum , 
capsici 
F. oxysporum 
F. solani 
R. solani 
M. pfiaseolina 
Bofryfis cineria 
Collefofricfium 
lindemufhianum 
Culvularia lunafa 
Effect 
Seed bacter izat ion'with 
P. pufida strain 30 
reduced the disease 
severity 88 % and strain 
180 upto 76 % on 
cucumber. 
All these isolates had the 
ability to suppress the 
diseases caused by F. 
moniliforme, F. 
graminearum and M. 
pfiaseolina on maize. 
Seed treatment 
suppressed anthracnose 
of cucumber. 
Increased accumulat ion 
of enzymes involved in 
phenyl propanoid 
pathway and PR-
proteins in hot pepper. 
Mixture of P. aeruginosa 
and 6. subfilis v\/as most 
effective in reducing 
root rot diseases on 
tomato. 
P. fluorescens increased 
disease resistance by 
33 % in chickpea. 
PsJn inhibits growth of 6. 
cineria by disrupting 
cellular membrane, .and 
cell death. 
P. aeruginosa induced 
resistance only in 
resistant interactions 
while P. fluorecens 
induced resistance in 
susceptible and 
moderately resistant 
interactions on bean. 
Showed high 
antagonistic activity 
against C. lunafa. 
Reference 
Ozakaton 
and Bora, 
2001 
Pol ef a/., 2001 
Press ef. ai, 
2001 
Ramamoorthy 
and 
Samiyoppan 
2001 
Siddiqui and 
Hague, 2001 
Srivostova ef 
al.,200] 
Barka ef al., 
2002 
Bigrimana and 
Hoffe, 2002 
Bosha and 
Ulaganathan, 
2002 
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PSM / PGPR 
B. subfilis GB03, 
MBI600 
Pseudomonos 
isolates 
Fluorescent 
Pseudomonos 
GRC2 
P. fluorescens 
P. fluorescens 
strains Pf l , FP7 
P. flurorescens 
Pfl 
P. fluorescens 
P. pufido 
P. fluorescens 
P. fluorescens 
89B61 
6. pumilus SE34 
P. aeruginosa 
PNAl 
Fungus 
F. solani f. 
sp. ptiaseoli 
R. solani 
F. oxysporum 
Aspergillus sp. 
F. ox/sporum f. 
sp. ciceri 
Pyff)ium 
aphan/dermafum 
Rhizocfonia solani 
M. phaseolina 
R. solani 
F. oxysporum 
Cnaphalocrocis 
medinalis' 
F. oxysoprum f. sp. 
lycopersici 
Pyff^ium 
aphanidermafum 
Collefofrichum 
falcafum 
Ptiyfophfhora 
infesfans ' 
Fusarium udum, 
F. oxysporum f. sp. 
cicens 
Effect 
Seed treatment withi 
thiese isolates caused 
increase in biomass and 
decrease in disease 
severity in glasshouse on 
bean. 
Two strains MRS23 and 
CRP55P hove stiown 
antifungal activity. 
Seed bacterizofion with 
Pseudomonos isolates 
GRC2 strain reduced the 
charcoal rot disease of 
peanut in M. phaseolina 
infested soil. 
Out of 40 strains, 18 
strains showed strong 
antifungal activity. 
Mixture of two strains 
perfornned better -than 
the individual strains in 
reducing sheath blight 
of rice. 
Pfl protected tonnato 
plants from wilt disease. 
P. fluorescens isolate Pfl 
was effective in 
reducing the damping 
off incidence in tomato 
and hot pepper. 
Induced systemic 
resistance against red 
rot of sugarcane. 
Elicited systemic 
protection against • late 
blight of tomato and 
reduced disease 
severity. 
P. aeruginosa protected 
pigeon pea and 
chickpea from Fusarium 
wilt. 
Reference 
Estevez de 
Jonsen ef ai. 
2002 
Goel ef ai, 
2002 
Gupta ef a/., 
2002 
Kumar ef a/., 
2002 
Rodjo 
Commare ef 
ai, 2002 
Romamoorthy 
efo/. ,2002a 
Romamoorthy 
efo/ . , 2002b 
Viswanathon 
and 
Somiyoppon, 
2002 
Yon efal., 
2002 
Anjaioh ef ai, 
2003 
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PSM / PGPR 
P. fluorescens 
B. pumilus 
A. flovus 
A. ochraceus 
P.aurantigriseu 
m 6. subfilis 
(BS21, BS22, 
BS23) 
P. pufida 
P. chlororaphis 
P. fluorescens 
Bacillus cereus 
Bacillis subfilis 
Burkholderia 
cepac ia 
P. fluorescens 
FP7 
Fungus 
Fusorium 
chiam/dosporium 
Sclerospora 
gramin/cola 
Co//efofrichum 
//'ndermuffi/anum 
P. ox/sporum f. sp. 
me/on/s 
Pyff^ium 
aphanfdermatum 
P. dissofocum 
Sclerospora 
graminicolo 
A. so/an; 
P. infesfans 
Sepforia 
lycopersici 
R. solani 
Collefofrichum 
gloeosponoides 
Effect 
Reduced the severity of 
disease on Coleus. 
Out of 7 strains, 
moximunn vigor index 
resulted from treatment 
with strain INR7 fol lowed 
by IN937b. 
Inoculation of PSM 
isolates inhibits the 
growth of fungal 
pathogen on cowpea . 
Control of muskmelon 
achieved by seed 
treatment of P. pufida 
strain 30 was 63 % and 
46-50 % for strain 180. 
Significantly suppressed 
the root-rot in pepper. 
The isolates offered 
protection ranging from 
20 to 75 % against 
downy mildew to pearl 
millet. 
Reduced the disease 
severity on tomato. 
Combination of B. subfilis 
RB14-C with B. cepacia 
BY con lead to greater 
damping off suppression 
than by these strains 
separately. 
Suppressed the 
anthracnose pathogen 
on mango leading to 
improved yield 
attributes. 
Reference 
Boby and 
Bogyaraj, 2003 
Niranjan Raj ef 
al., 2003 
Adebanjo and 
Bankole, 2004 
Bora efal., 
2004 
Chotterton ef 
ai, 2004 
Niranjan Raj ef 
of., 2004 
Silvo efal., 
2004 
Szczech and 
Shodo, 2004 
Vivekananthon 
efal.. 2004 
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PSM / PGPR 
P. fluorescens 
A. chroococcum 
Aspergillus 
awamon 
Bacillus and 
fluorescent 
pseudonnonads 
P. fluorescens 
P. fluorescens 
A6RI 
Paenibacillus 
polymyxa 
NRRL B-30488 
Fluorescent 
Pseudomonas 
Bacillus and 
Fluorescent 
Pseudomonads 
Fungus 
Alfernaha frificina 
Fusarium udum 
M. phaseolina 
R. solani 
Fusariurr) 
oxysporum f. sp. 
cicen 
F. udum 
Alfernaria frificina 
Effect 
P. fluorescens caused 
greater reduction in A. 
frificina infected leaf 
area than A. awamori or 
A. cfiroococcum on 
wheat. 
Four isolates, namely 
Pa 116, P324, B18 and 
B160, have shown 
antifungal activity. 
Seed treatment with P. 
fluorescens and neem 
coke as soil application 
reduced the roof rot 
indices on green gram. 
Increased the growth of 
pathogen inoculated 
plants. 
Seed treatment with B-
30488 caused greater 
mortality in non-
bacterized seedlings 
compared to bacterized 
seedlings of chickpea. 
Four isolates, namely 
Pf604, Pf605, Pf611 and 
Pa616 have shown 
antifungal activity but 
isolate Pf605 redOced 
the wilt disease index of 
pigeon pea under pot 
condition. 
Out of 6 isolates, B28 was 
found best in improving 
plant growth and also 
caused reduction in 
percent leaf infected 
area of wheat. 
Reference 
Siddiqui and 
Singh, 2005a 
Siddiqui ef ai, 
2005 
Begum and 
Kumar, 2005 
Berta ef a/., 
2005 
Dasgupta ef 
a/., 2006 
Siddiqui and 
Shakeel, 2006 
Siddiqui, 2007 
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2.1.2.1 Siderophores production 
Iron is an essential nutrient for all living organisms. In the soil it is 
unavailable for direct assimilation by microorganisms because ferric 
iron (Fe III), which predominates in nature, is only sparingly soluble 
and too low in concentration to support microbial growth. To survive, 
soil microorganisms synthesize and secrete low-molecular-weight iron-
binding compounds (400 - 1,000 daltons) known as siderophores. 
Siderophores bind Fe III with a very high affinity. The bacterium that 
originally synthesized the siderophores takes up the iron siderophore 
complex by using a receptor that is specific to the complex and is 
located in the outer cell membrane of the bacterium. Once inside 
the cell, the iron is released and is then available to support microbial 
growth. Plant growth promoting rhizobacterio (PGPR) con prevent 
the proliferation of fungal and other pathogens by producing 
siderophores that bind most of the Felll in the area around the plant 
root. The resulting lack of iron prevents pathogens from proliferating in 
this immediate vicinity. The PGPR out-compete the pathogens for 
available iron, thus causing death of the latter. 
Microbial siderophores vary widely in overall structure but most 
contain hydroxamate and catechol groups which are involved in 
chelating the ferric ion (Neilands, 1995). The involvement of the 
siderophore in disease suppression is based on: 
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• Inhibition in the antagonistic activity of PGPR by addition of 
dissolved ferric ion in vifro and in vivo. 
• Ineffectiveness of siderophore minus PGPR mutants to suppress 
pathogens. 
• Inhibition in the growth of pathogens in vifro and increase in 
plant growth by purified siderophores. 
Suppression of soil borne plant pathogens by siderophore producing 
pseudomonods was observed (Bakker ef a/., 1986, 1987; Becker and 
Cook, 1988, Loper, 1988) and the wild type strain was more effective 
in suppressing disease compared to non-siderophore-producing 
mutants. Siderophore production is an important feature for the 
suppression of plant pathogens and promotion of plant growth. 
Fluorescent siderophore production was observed as a mechanism of 
biocontrol of bacterial wilt disease in the fluorescent pseudomonods 
RBL 101 and RSI 125 jJagadeesh ef at., 2001). Press ef of., (2001) 
reported the catechol siderophore biosynthesis gene in Serrafia 
marcescens 90-166 and associated with induced resistance in 
cucumber against anthracnose. 
The capacity to utilize siderophores is important for the growth of 
bacteria in the rhizosphere (Jurkevitch ef al., 1992) and on the plant 
surface (Loper and Buyer, 1991). Specific siderophore producing 
Pseudonnonos strains rapidly colonized roots of several crops and 
colonization of roots resulted in yield increases (Schroth and Hancock, 
1982). Enhanced plant growtti caused by pseudomonad strains was 
often accompanied by the reduction in pathogen populations on 
the roots. There is convincing evidence to support a direct role of 
siderophore nnediated iron competition in the biocontrol activity 
exhibited by such isolates (Leong, 1986; Loper and Buyer, 1991). The 
antagonism depends on the amount of iron available in the medium; 
siderophores produced by a bfocontrol agent and sensitivity of target 
pathogens (Kloepper ef a/., 1980; Weger ef al., 1988). Production of 
ALS 84 and siderophore may contribute to the biocontrol of crown 
gall by Agrobacterium rhizogenes K84 especially under conditions of 
iron limitation (Penyalver ef a/., 2001). 
Iron nutrition of the plant influences the rhizosphere microbial 
community structure (Yang and Crowley, 2000) and the role of the 
pyoverdine siderophore produced by many Pseudomonas species 
has been clearly demonstrated in the control of Pythium and 
Fusarium species (Loper and Buyer, 1991; Duijff ef a/., 1993). 
Pseudomonads also produce two other siderophores, pyochelin and 
its precursor salicylic acid, and pyochelin is thought to contribute to 
the protection of tomato plants from Pythium by Pseudomonas 
aeruginosa 7NSK2 (Buysens ef al., 1996). Different environmental 
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factors can also influence the quantity of siderophores produced 
(Duffyand Defago, 1999). 
2.1.2.2 Root colonization 
Rhizosphere colonization is important not only as the first step in 
pathogenesis of soil borne microorganisms but also crucial in the 
application of microorganisms for beneficial purposes (Lugtenberg el 
al., 2001). PGPR generally improves plant growth by colonizing the 
root system and pre-empting the establishment of, or suppressing 
deleterious rhizosphere microorganisms (Schroth and Hancock, 1982). 
PGPR must be able to compete with the indigenous microorganisms 
and efficiently colonize the rhizosphere of the plants to be protected. 
Colonization is widely believed to be essential for biocontrol (Weller, 
1983; Parke, 1991) and a biocontrol agent should grow and colonize 
the surface of plant. The ineffectiveness of PGPR in the field has often 
been attributed to their inability to colonize plant roots (Benizri ef a/., 
2001; Bloemberg and Lungtenberg, 2001). Colonization or even initial 
population size of the biocontrol agent has been significantly 
correlated with disease suppression (Parke, 1990; Bullef a/., 1991). 
Under field conditions percolating water probably plays an essential 
role in the passive distribution of bacteria on roots (Liddell and Parke, 
1989) Osmotolerance is also correlated with colonization ability 
(Loper ef a/., 1985). Cell surface characteristics influence the 
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attachment of bacteria to roots which may be necessary for 
colonization (Vesper, 1987; Anderson e l a/., 1988). Certain mutants 
that affect accumulation of secondary metabolites also influence 
colonization of plant roots in the field (Mazzola ef a/., 1992, Carroll ef 
a/., 1995). Analysis of mutants-indicates that prototrophy for amino 
acids and vitamin b l , rapid growth rate, utilization of organic acids 
and lipopolysaccharide properties contribute to colonization 
(Lugtenbergef a/., 1996). 
Use of confocal laser scanning microscopy (CLSM) in combination 
with organisms differentially labeled with auto fluorescent proteins 
(AFPs) allowed the simultaneous visualization of both the pathogen 
and the biocontrol agent on the root under disease controlling 
conditions in the gnotobiotic system. Seedlings grown in a 
gnotobiotic sand system infected with pathogen and biocontrol 
agent may be studied via in vitro setup. These studies may contribute 
to our understanding of root colonization and biocontrol processes 
(Bloomberg, 2007). 
A variety of bacterial traits and specific genes contribute to 
colonization but only few have been identified (Benizri ef a/., 2001; 
Lugtenberg ef o/., 2001). These include motility, chemotaxis to seed 
and root exudates, production of pili or fimbriae, production of 
specific cell surface components, ability to use specific components 
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of root exudates, protein secretion and quorum sensing (Lugtenberg 
ef al., 2001). Competition of introduced bacteria witin indigenous 
microorganisms already present in tine soil and rhizosphere of the 
developing plant is another important aspect for root colonization. 
2.1.3 Root nodule bacteria 
Rhizobial nodulation is a complex symbiotic process between host 
plant and rhizobia. The plarit provides an energy source and 
ecological niche for the bacteria and the bacteria provide a source of 
fixed nitrogen for the plant (Vance, 2001). The root-nodule bacteria 
belong to genera Rh/zob;um, Sinorhizobium, Bradyrhizobium. 
Mesorhizoblum and Azorhizobium collectively termed as rhizobia 
(Barea ef al., 2005). These bacteria interact with legume roots leading 
to the formation of N2-fixing nodules (Spanik ef al., 1998; Sprent, 2002) 
and have a beneficiaL effect on the plant nutrition and growth. Root-
nodule bacteria also had inhibitory effect on plant pathogens (Hague 
and Ghaffor, 1993). Role of these bacteria in plant growth and plant 
protection have been summarized (Tables V and VI). 
Table V. Effect of Rhizobium on the root-knot nematodes 
Rhizobium Nematode Effect Reference 
Rhizobium sp. M. incognifa Prior inoculation of Hussoni and 
Rhizobium reduced the Seshadri, 1975 
nennatode multiplication 
on nnung bean. 
Rhizobium sp. M. javanica Reduced the nematode Bopoiah ef a/., 1976 
multiplication on mung-
bean. 
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Rhizobium 
Rhizobium sp. 
Rhizobium sp. 
Rhizobium 
leguminosarum 
Rhizobium sp. 
Rhizobium sp. 
Rhizobium 
phaseoli 
Rhizobium sp. 
Brodyrhizobium 
sp. 
Rhizobium sp. 
Brodyrhizobium 
japonicum 
Rhizobium sp. 
Rhizobium sp. 
Bardyrhizobium 
sp. 
Rhizobium 
phaseoli 
Rhizobium sp. 
Nematode 
M. 
M. 
M. 
M. 
M. 
M. 
M. 
M. 
M. 
M. 
M. 
M. 
M 
M. 
M. 
incognifa 
incognita 
incognifa 
incognifa 
incognifa 
incognifa 
incognifa 
incognifa 
incognifa 
javanica 
incognifa 
javanica 
javanica 
incognifa 
incognifa 
Effect 
Reduced the , 
nematode 
reproduction on 
cowpeo. 
Inoculation of Rhizobium 
had no effect on 
nodulotion. 
Resulted in greater 
nematode multiplication 
on cowpea. 
Resulted in greater 
nematode multiplication 
on cowpea . 
Reduced the nematode 
multiplication on 
cowpea. 
Treatment of R. phaseoli 
reduced nematode ' 
reproduction on mung 
bean. 
Reduced the nematode 
population on pea. 
Reduced nematode 
multiplication on 
chickpea. 
Reduced nematode 
multiplication on lentil. 
Reduced nematode 
multiplication on 
chickpea. 
Reduced nematode 
multiplication on pea. 
Seed treatment with 
Rhizobium sp. caused" 
reduction in nematode 
multiplication on 
chickpea. 
Reduced galling and 
nematode multiplication 
on chickpea. 
Reduced nematode 
multiplication on green 
gram. 
Reduced the nematode 
population on black 
gram. 
Reference 
Sharma and Sethi, 
1976 
Taha and Kassab, 
1980 
Ali e fo l . , 1981 
Vashney, 1982 
Khan and Husain, 
1988 
Tiyagi and Alam, 
1988 
Sharma and Tiogi, 
1990 
Siddiqui and 
Husain, 1992 
Fazalefa/. , 1992 
Siddiqui and 
Mohmood , 1994a 
Siddiqui efai, 1995 
Siddiqui and 
Mohmood, 1996c 
Siddiqui and 
Mohmood, 1997 
Ray and Dolei, 1998 
Sankoronarayanan 
and Sundarababu, 
1998 
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Rhizobium Nematode Effect Reference 
Rhizobium sp. M. incognita Prior inoculation of 
Rhizobium was nnore 
effective in reducing 
nennatode multiplication 
than simultaneous 
inoculation on pea. 
Siddiquiefa/. , 1999 
Bradyrhizobium M. incognita 
japonic um 
Had adverse effect on 
nematode multiplication 
on pigeon pea. 
Siddiqui and 
Mohmood, 1999b 
Rhizobium sp. M. javanica Adverse effect on thie 
galling and nematode 
multiplication on lentil. 
Varstiney et al., 
2000 
Rh/zob;um etii M. incognita 
G12 
Reduced thie galling on 
vegetable crops. 
Mat idye fa / . , 2001 
Rhizobium sp. M. javanica Reduced nematode 
reproduction on 
chickpea. 
Siddiqui and 
Mahmood,2001 
Rhizobium sp. A/l. incognita Reduced the galling and 
nematode multiplication 
on chickpea. 
Shaf iefa/. , 2002 
Rhizobium sp. M. incognita Inoculation ofRhizob/'um 
resulted in greater 
nematode infection on 
Sesbania seban. 
Desaegar ef a/., 
2005 
Rhizobium sp. M. incognita Reduced the gelling 
and nematode 
multiplication on pea. 
Siddiqui and Singh, 
2005b 
Rhizobium sp. M. javanica Reduced the nematode 
multiplication on lentil. 
Siddiquiefa/. , 2007 
Table VI. Ef fect of Rhizobium o n t he f u n g a l d isease of p lan ts 
Rhizobium 
Rhizobium meliloti 
Rhizobium sp. 
Rhizobium sp. 
Fungus 
Phytophthora 
megasperma 
Fusarium 
oxysporum 
M. phaseolina 
Fusarium 
solani f. sp. 
pisi 
Effect 
Reduced the incidence of 
root-rot on alfalfa. 
Seed treatment with 
Rhizobium significantly 
reduced the charcoal rot 
on soybean. 
Rhizobitoxine produced 
by Rhizobium reduced the 
pathogenic fungi on pea. 
Reference 
Tu,1980 
Chakrabrothy 
and 
Pukayastha, 
1984 
Chakrabrothy 
and 
Chakrabrothy, 
1989 
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Rhizobium 
Rhizobium sp 
Bradyrhizobium sp 
Bradyrhizobium sp 
R melilofi 
R leguminosarum 
B japonicum 
Bradyrhizobium 
japonicum 
Bradyrhizobium 
sp 
Bradyrhizobium 
japonicum 
Rhizobium 
leguminosarum 
Bradyrhizobium sp 
Rhizobium sp 
Bradyrhizobium 
japonic um 
Rhizobium sp 
Rhizobium sp 
Fungus 
M phaseolina 
M phaseolina 
M phaseolina 
R solani 
F solani 
Fusarium 
oxyspprum f 
sp ciceris 
R solani 
Fusarium 
udum 
Fusarium 
soloni 
Fusarium 
solani 
Fusarium 
oxysporum f 
sp pisi 
Fusarium 
udum 
F oxysporum 
Fusarium 
oxysporum f 
sp ciceris 
Effect 
Inhibited the growth of M 
phaseolina on sunflower 
and nnung bean 
Prior inoculation of 
Bradyrhizobium sp 
reduced the dannage 
caused by pathogen 
Use of Rhizobial strains as 
seed dressing or soil 
drench reduced the 
infection of pathogen in 
both leguminous and non 
leguminous plants 
Reduced the disease 
severity on chickpea 
Inoculation of Brady 
rhizobium reduced the 
mycelial growth and 
sclerotia formation in vitro 
Reduced the disease 
severity on pigeon pea 
Reduced the populat ion 
density of F solani on 
common bean 
Reduced the d a m a g e 
caused by pathogen on 
chickpea 
Prior inoculation of 
Rhizobium sp reduced the 
damage caused by 
pathogen than 
simultaneous inoculation 
on pea in different soil 
types 
Reduced the disease 
severity on pigeon pea 
Seed bacterization with 
Rhizobium reduced the 
no of infected pea in 
infected soil 
Increased the growth and 
reduced the disease 
severity in chickpea 
Reference 
Hussain ef al 
1990 
Siddiqui and 
Husain 1992 
Hague and 
Ghaffar 1993 
Siddiqui and 
Mahmood 
1994a 
Kelemu ef al 
1995 
Siddiqui and 
Mahmood 
1995a 
Dar ef al 
1997 
Siddiqui and 
Mahmood 
1997 
Siddiqui ef al 
1999 
Siddiqui and 
Mahmood 
1999b 
Kumar ef al 
2001 
Siddiqui and 
Singh 2004 
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Methods 
Chapter 3 
MATERIALS AND METHODS 
Five hundred root and soil samples were collected from chickpea 
fields from 10 districts of U.P., India. These samples were collected in 
polythene bags and stored in refrigerator at 4 °C till the processing. 
The samples were examined for the presence of the root-knot 
nematode Meloidogyne .spp., and the • root-rot fungus 
Macrophomino phoseolina, arbuscular mycorrhizal (AM) fungi and 
other phosphate solubilizing microorganisms (PSM). 
3.1 Isolation and identification of root-knot nematodes 
Collected roots were examined for the root-knot symptoms and root 
galls were dissected for the females of root-knot nematodes. 
Identifications of Meloidogyne species were made on the basis of 
perineal patterns (Taylor and Sasser, 1978). Soil samples were also 
processed for the isolation of nematodes by Cobb's sieving and 
decanting technique followed by Baermann funnel (Southey, 1986) 
and identification of root-knot juveniles were made from the 
nematode suspension. 
3.2 Isolation of root-rot fungus from chickpea roots 
Roots with root-rot symptoms were used for the isolation of the 
fungus. Roots were transferred to a sterilized Petri plates containing 
sterilized distilled water and gently freed of soil particles. These roots 
were transferred to another Petri plates and process was repeated 
till all adhering soil particles were removed. Later, the roots were cut 
into 5 nnnn pieces and transferred to Petri plates containing 0.1 % 
sodium hypochlorite (NaOCI) solution. After one minute, root pieces 
were washed thrice in distilled water and dried on filter paper. Five 
of these root pieces were then plated in each of Petri plates 
containing Potato Dextrose Agar (PDA) medium (Peeled Potato 200 
g; Dextrose 20 g; Agar 15 g; Distilled water 1000 ml) with the help of 
sterilized forceps under aseptic condition. Petri plates were 
incubated at 25 ± 1 °C for 10 days. The fungus that developed on 
root segments was examined and identified. On confirmation of its 
identity as Macrophomina phaseolina, pure culture of the fungus 
was maintained. Different isolates of M. phaseolina were isolated; 
isolate of Kasimpur, Aligarh (KA) was more virulent compared to 
others. Therefore, A/l. phaseolina isolate (KA) was used throughout 
the experiments. 
3.3 Isolation of AM fungi from the rhizosphere of chickpea root 
Soil samples collected from the chickpea fields were processed by 
wet sieving and decanting technique (Gerdemann and Nicolson, 
1963). Hundred g soil sample was dissolved into 1 litre water; 
thoroughly shaken and left for a minute to let the heavier particles 
settle down. The soil solution was first passed through coarse sieve 
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and then decanted on a series of sieves i.e. 80, 150 and 300 meshes. 
The spores obtained on sieves were collected with water in separate 
beakers. The spores' suspensions were repeatedly washed with 
Ringer's solution (NaCI 6 g/l, KCI 0.1 g/l and CaCb 0.1 g/l in distilled 
water of pH 7.4) in order to remove adherent soil particles from the 
spores. The spore suspensions were then poured on the filter papers 
placed in the funnels. The spores were picked with the help of 
camel hair brush under the stereomicroscope and placed on a 
glass slide. 
3.3.1 Staining of AM spores 
The collected AM spores were mounted permanently on a gloss 
slide in polyvinyl locto glycerin (PVLG) (Koske and Tessier, 1983) as 
well as in PVLG mixed 1:1 (v/v) with Melzer's reagent. The 
compositions of PVLG and Melzer's reagent were as follows: 
Polyvinyl lacto glycerin 
Polyvinyl alcohol 
Lactic acid 
Glycerin 
Distilled water 
Melzer's reagent 
Iodine 
Potassium Iodide 
Chloral hydrate 
Distilled water 
8.33 g 
50 ml 
5 ml 
50 ml 
2.5 g 
7.5 g 
100 g 
100 ml 
41 
3.3.2 Identification of AM spores 
The AM spores were identified on tine basis of morphological 
characters such as spore colour, dimension, thickness of walls, 
number of walls and width of subtending hypha etc. using the 
synoptic keys of Trappe (1982) and Schenck and Pervez (1990). 
3,4 Isolation of ottier Phosptiate Solubllizing Microorganisms (PSM) 
Pikovaskaya medium (Pikovaskayo, 1948) was used for the isolation 
of PSM isolates. The composition of Pikovaskaya medium was as 
follow. 
Pikovaskaya medium 
Glucose 
Cos (P04)3 
(NH4)2S04 
KCI 
MgS04.7H20 
MnS04.7H20 
FeS04.7H20 
10.0 g 
5.0 g 
0.5 g 
0.2 g 
0.1 g 
0.006 g 
0.006 g 
Yeast extracts 5.0 g 
Agar 15.0 g 
Distilled water 1000 ml 
For the isolation PSM, 10 g soil was dissolved in 100 ml normal 
saline solution. 
Seven test tubes each with 9 ml normal saline solution were 
prepared and marked as 1 to 7. 
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• One ml from stock solution was asepticolly transferred to first 
test tube making tine dilution lO-i. 
• Solution in the test tube was mixed and 1 ml from ttiis test tube 
(10 ') was transferred asepticolly to next, making it as IO-2. 
• Similar transfers were made till 10-'' dilution was achieved. 
• From 10-7 dilution, 0.1 ml was transferred to sterile Pikovaskaya 
agar plate and spread properly. This step was repeated with 
all other dilutions. 
• All the Petri plates were'kept for incubation dt 37 ± 1 °C for 24-
72 hrs. 
• Plates were observed for different colonies of bacteria. 
Required bacterial colonies were picked, properly streaked on 
separate Pikovaskaya agar plates to get pure colonies. 
Bacterial isolates were identified by using Bergey's Manual of 
Determinative Bacteriology (Hort e l a/., 1994). 
3.4.1 Isolates obtained from culture collections 
Five isolates Paenibacillus polymyxa Prazmowski (MTCC No. 122), 
Pseudomonas pufida (Trevison) Migula (MTCC No. 3604), 
Pseudomonas olcaligenes Monios (MTCC No. 493), Bacillus pumilus 
Gottheil (MTCC No. 1640) and Pseudomonas sfraifa Chester (QAFA 
07) were obtained from microbial Type Culture Collection and Gene 
Bonk, Institute of microbial Tehnology, Chandigarh, India and Quorsi 
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Agriculture farm Aligarh, India. These isolates were subcultured on 
nutrient broth and nutrient agar. Another PSM, Aspergillus owamon 
Nakazawa (ITCCF 4680) which was obtained from Indian Agricultural 
research Institute, New -Delhi, India was also tested for their 
management of root-rot disease complex of chickpea. 
3.4.2 Maintenance of phosphate solubilizing microorganisms 
Phosphate solubilizing bacterial isolates were sub cultured on 
nutrient broth and nutrient agar medium (Hl-media laboratories Pvt. 
Ltd., Mumbai, India), while the fungus culture was maintained on 
PDA. Later, the stock cultures of these PSM isolates were maintained 
separately in culture tubes on their respective medium. 
3.4.3 Detection of siderophores 
Siderophores were estimated qualitatively on Chrome-Azurol 
Sulphonate (CAS) agar medium (Schwyn and Neilands, 1987). To 
prepare 1 I of blue agar, 60.5 mg CAS was dissolved in 50 ml distilled 
water and mixed with 10 ml Fe (III) solution (1 mM FeCl3.6H20, 10 mM 
HCI). Under stirring this solution was slowly added to 72.9 mg 
Hexadecyl tri-methyl ammonium bromide (HDTMA) dissolved in 40 
ml distilled water. The resultant dark blue liquid was autoclaved. Also 
autoclaved was a mixture of 750 ml distilled water, 100 mi 10^ MM9 
salts (Na2HP04.7H20 128 g; KH2PO4 30 g; NaCI 5 g; NH4CI 10 g with 
additional ingredients MgS04. 7H2O (IM) 2 ml; Glucose (20 %) 20 ml; 
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CaCb (IM) 0.1 ml; Casamino acid (2 %) 20 ml; all the ingredient has 
to be deferrated by extraction with 3 % 8-hydroxyquinoline in 
chloroform), 15 g agar, 30.24 g Piperazine buffer. Later, NaOH 
solution was added to raise the pH up to 6.8 and solution was 
poured into Petri plates. The active culture of bacterial isolates were 
spotted on the dark blue agar plates and kept in an incubator for 24 
to 48 hrs at 32 ± 2 °C. The appearance of dark orange zone against 
the dark blue agar plates indicated the production of siderophores. 
3.4.4 SDS-PAGE 
SDS-PAGE was carried out by the method of Laemmli (1970). 
Principle 
Almost all the analytical electrophoresis of proteins was carried out 
in polyacrylamide gels under conditions that ensure dissociation of 
the proteins into their individual polypeptide subunits and that 
minimize aggregation. Most commonly, the strongly anionic 
detergent SDS combined with a reducing agent and heated to 
dissociate the protein before they are loaded on the gels. The 
denatured polypeptide bind SDS and become negatively charged 
because the amount of SDS bound is almost proportional to the 
molecular weight of the polypeptide and is independent of its 
sequence. SDS- polypeptide complex migrates through the 
polyacrylamide gels in accordance with the size of the polypeptide. 
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Thus, two proteins subunits having similar size but difterent mobility 
under the influence of an electric field. Greater the charge to mass 
ratio faster is the movement through the gel. 
3.4.4.1 Preparation of stock solutions 
1. Acrylamide-Bisacrylamlde solution 
Acrylamide 
Bisacrylamide 
2. Lower Tris (4X) 
Tris Buffer 
3. Upper Tris (4X) 
30 g 
0.8 g 
lOOmlDW 
]8.17g lOOmlDW (pH8.6) 
Tris Buffer 6.06 g | 100 ml DW (pH 6.8) 
4. Tris-glycine buffer/ Reservoir buffer (lOx) 
lOOmlDW (pH8.3) Tris Buffer 3.0 g 
Glycine 14.4g 
5. Sodium dodecyl sulphate solution (10 %) 
SDS 10.0 g I lOOmlDW 
6. Ammonium per sulptiate solution (10 %) 
APS lO.Og 100 ml DW 
Freshly prepared APS is used for better results) 
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3.4.4.2 Preparation of SDS gels 
a) Separating gel (7 % gels) {6ml) 
Lower Tris 1.5 ml 
Acrylamide-bisacrylamide solution 1.407 ml 
SDS 60 Ml 
APS 42 Ml 
TEMED 2.25MI 
Distilled Water 3.04875 ml 
b) Stacking gel (5 ml) 
Upper Tris 1.25 ml 
Acrylamide-bisacrylamide solution 0.50 ml 
APS 
TEMED 
c) Running buffer/ Reservoir buffer 
Tris-glycine buffer 
SDS (10%) 
d) Sample buffer 
Glycerol 
Dithiothertol 
SDS (10%) 
Upper Tris 
Bromophenol Blue 
e) Staining solution 
40 ml 
4 ml 
10 ml 
5 ml 
30 ml 
12.5 ml 
0.1 g 
Coomassie Brilliant Blue 0.1 g 
Methanol 
Glacial acetic acid 
Distilled water 
f) Destaining solution 
Glacial acetic acid 
50 ml 
10ml 
40 ml 
(7 %) 7 ml 
15 Ml 
5 Ml 
400 ml DW 
lOOmlDW 
100 ml DW 
lOOmlDW 
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3.4.4.3 Sequential process for Isolation of proteins from Bacterial 
isolates 
Bacterial Culture grown in nutrient broth 
i 
Centrifuged at 5000 rpm for 10 minutes 
i 
Pellets, suspended in minimum volume of nutrient broth + 
lysis buffer 
i 
Sonicated 
• i 
Centrifuged at 10,000 rpm for 15-20 minutes 
i 
Supernatant collected (Protein) 
i 
Protein estimated by method of Lowry ef ai, (1951) 
i 
For gel loading with 10-30 [ig of protein was taken 
i 
Add VA th of 4X SDS sample buffer to protein sample 
i 
Heated at 100 °C tor 2-3 minutes 
. i 
Loaded onto gel 
3.4.4.4 Procedures for gel electrophoresis 
1. The glass gel plates were mounted in the vertical 
electrophoresis assembly. 
2. Appropriate amount (20 i^ g) of protein sample was loaded 
with the help of micro syringe. 
3. Electrophoresis tank was filled with the running/ reservoir 
buffer. 
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4. Assembly was connected to power supply. Current ranges 
between 5-15 nnA and 50-90 V was applied. 
5. The gel was allowed to run. 
6. Power supply was disconnected from the assembly when dye 
front reaches % the of the gel length. 
7. The gel was taken out carefully. 
8. The gel was stained with the staining solution. 
9. After overnight staining the gel was destained with destaining 
solution. 
10.The photograph of the gel was taken and compared bonds 
with other isolates. 
3.5 Green house assay test 
Isolates of AM fungi and other PSM were evaluated for their 
biocontrol potential in laboratory and green house. Potential isolates 
were selected on the basis of their effect on hatching and 
penetration of nematodes, antifungal activity and root colonization 
by these isolates. 
3.5.1 Effect of bacterial isolates on tiatctiing of root-knot 
nematodes 
Effect of bacterial isolates was observed on the hatching of 
hAe\o\6ogyne incognita in small Petri plates at 25 ± 1 °C. Twenty egg 
masses of almost similar size were hand picked with sterilize forceps 
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from the roots of brinjal [Solonum melongeno L.) and were placed 
for hatching in 20 ml suspension of each bacterial isolate separately. 
One ml suspension contains 1.5 x 10^  CFU/ml. For control, twenty egg 
masses were placed in 20 ml double distilled water. Each set was 
replicated five times. 
3.5.2 Effect of bacterial isolates on penetration of root-knot 
nematodes 
Penetration of M. incognito was observed into ctnickpea roots both 
inoculated with PSM isolates and uninoculated once. For 
observation of nematode penetration, seeds were sown in ice-
cream cups with 100 g steam sterilized soil. Ten ml of each isolate 
was poured in 20 g soil and 20 seeds were wrapped in this soil. One 
week after germination seedlings were inoculated with 50 second 
stage juveniles of M. incognito by exposing the roots carefully and 
soil was replaced. Each treatment was replicated five times. After 20 
days, the roots were taken out, washed with distilled water and 
stained with cotton blue lacto phenol. Roots were cut into small 
pieces and observed under the stereomicroscope. Penetrations of 
nematodes in the roots were counted. 
3.5.3 Root colonization by ptiosphate solubilizing bacterial isolates 
Root colonization by different isolates of bacteria was also observed 
to screen the effective strains. Chickpea roots inoculated with 
bacteria were collected 20 days after sowing. Surface sterilized 1 g 
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root was crushed in sterilized normal saline solution (NSS) and 0.1 ml 
serially diluted extracts were plated on nutrient agar Petri plates. Ttie 
Pteri plates were incubated at 37 ± 1 °C for 24 hrs. The Petri plates 
were placed on Quebec colony counter for counting bacterial 
colonies. The colony falling in the range of 30-300 were selected and 
multiplied by reciprocal dilution factor to calculate bacterial 
colonies (Sharma, 2001) and represented as colony forming units 
(CFU) per g root. 
3.5.4 Effect of PSM on the fungus 
The antifungal activity of PSM isolates was determined by employing 
the dual culture technique against the root-rot fungus N\. 
phoseolina. The Petri plates containing PDA were divided into two 
equal halves. Each isolate was separately streaked in the first half of 
the Petri plate while M. phaseolina was inoculated on the other half 
of the Petri plate about 1 cm apart from the PSM isolate. The plates 
were incubated at 25 ± 1 °C, and observed every 24 hrs upto 10 
days. Effect of bacterial isolate on the growth of fungus was 
observed and the antifungal activity of bacterial isolate was 
denoted as positive (t) and negative (-). 
3.5.5 Root colonization by AM fungi 
The root colonization caused by AM fungi was determined by a grid 
line intersecting method (Giovannetti and Mosse, 1980). For the 
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assessment of percent colonization, tine roots inoculated with AM 
fungus were collected and washed with distilled water to remove 
adherent soil particles. Roots were cut into small pieces of about 1 
cm size. These root segments .were placed into a beaker containing 
10 % KOH solution and autoclaved for 10 minutes at 103.4 kPa for 
clearing the cytoplasm contents. The KOH solution was poured off 
and the root segments were rinsed with distilled water till no brown 
colour appear in the rinse water. The root segments were transferred 
into another beaker containing alkaline H2O2 at room temperature 
for 20 minutes for bleaching and thoroughly rinsed with distilled 
water. The root segments were placed into beaker with 1 % HCI for 
3-4 minutes. The solution was poured off and root segments were 
placed in another beaker with 0.05 % trypan blue lacto phenol 
solution. Root segments were observed under the stereomicroscope 
for mycorrhizal assay. The percent root colonization was calculated 
with the help of following formula; 
Number of root segment colonized by AM fungus 
Percent root = xlOO 
colonization Total number of segments examined 
3.6 Pot experiments 
All the pot experiments were conducted in green house at 20 ± 2 °C. 
Meloidogyne incognito (Kofoid and White) Chitwood and 
/viacrophomina phaseo//na (Tassi) Gold were used as test pathogens 
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and chickpea (O'cer oriefinum L.) cv. Avarodhi as test plant 
throughout the course ot these investigations. AM fungi, bacterial 
isolates {Pseudomonas Migula and Bacillus Cohn) and fungus 
Aspergillus awamori Nakazawa were used as biocontrol agents of 
test pathogens. 
3.6.1 Preparation and Sterilization of Soil mixture 
The sandy loam soil used in the study was taken from a field 
belonging to Department of Botany, Aligarh Muslim University; 
Aligorh was passed through 10 mesh sieve. The soil, river sand and 
organic manure was mixed in the ratio of 3:1:1 (v/v) (pH 7.5, porosity 
44%, water holding capacity 40%, electrical conductivity 0.62, 
available N 95.76 mg/kg soil, available P 8.79 mg/kg soil and 
available K 157.02 mg/kg soil) respectively and added to jute bags. 
Water was poured into each bag to wet the soil before transferring 
them to autoclave for sterilization at 137.9 kPa for 20 minutes. 
Sterilized soil was allowed to cool down at room temperature before 
filling 15 cm diameter earthen pots with 1 kg of sterilized soil. 
3.6.2 Growth and Maintenance of chickpea plants 
Seeds of chickpea were surface sterilized with 0.1 % sodium 
hypochlorite (NaOCI) for two minutes and then washed three times 
with distilled water. Five seeds were sown in each pot (15 cm 
diameter with 1 kg soil) and after germination thinned to one 
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seedling per pot. Plants were placed in a glasshouse and watered 
as needed. Two days after thinning, seedlings received the 
treatnnents while uninoculated plants served as a control. One week 
old, well established healthy seedlings were used for experimental 
purposes. 
3.6.3 Preparalion of nematode inoculum 
Meioidogyne incognito was collected from the chickpea roots and 
multiplied on the roots of egg plants {Solonum melongeno L.) using 
single egg mass. Egg masses from the roots of S. melongeno were 
hand picked using sterilized forceps and placed in 9 cm diameter 
sieves of 1 mm pore size which were previously mounted with cross-
layered tissue paper. The sieves were placed for hatching in a Petri 
plates containing distilled water just deep enough to contact the 
egg masses. The Petri plates were kept in an incubator running at 25 
±1 °C. A series of such assemblies were kept to get required number 
of second stage juveniles for inoculation. The hatched juveniles 
were collected from Petri plates every 24 hrs and fresh water was 
added to Petri plates. The concentration of second stage juveniles 
of A^ . incognito in water was adjusted so that each milliliter 
contained 200 ± 5 nematodes. Ten milliliter of this suspension (i.e. 
2000 freshly hatched juveniles) was added to each pot around a 
chickpea seedling. 
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>< Ace. No A. ) . 
3.6.4 Raising and maintenance of fungal culture '^ '<?'>^ww-'<^< "y 
For obtaining sufficient inoculum, the Macrophomina phoseolina 
was cultured on Richard's liquid mediunn (Riker and Riker, 1936) 
having following composition. 
Potassium nitrate 10.0 g 
Potassium dihydrogen phosphate 5.0 g 
Magnesium sulphate 2.5 g 
Ferric chloride 0.02 g 
Sucrose 50.0 g 
Distilled water 1000 ml 
The medium was prepared and filtered through muslin cloth, 
sterilized in an autoclave at 103.4 kPa for 15 minutes in 250 ml 
Erienmeyer flasks each containing 80 ml liquid medium. The fungus 
was inoculated in each flask with the help of inoculation needle. 
Inoculated flasks were incubated at 25 ± 1 °C for about 15 days to 
allow sufficient growth of the fungus. Pure culture of M. phaseolina 
was continuously maintained on PDA by re inoculation after every 
15 days. 
3.6.4.1 Preparation of fungal inoculum 
After incubating the flask for about 15 days the liquid medium was 
filtered through Whatman filter paper No. 1. The mat of fungal 
mycelium was washed in distilled water and was collected on 
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blotting sheets to remove excess ot water and nutrients. The 
inoculum was prepared by mixing 10 g fungal mycelium in 100 ml of 
distilled water and blending it for 30 s in a Waring blender. The 10 ml 
of this suspension containing 1 g fungus was used as inoculum. 
3.6.5 Multiplication of AM fungi 
Steam sterilized filter papers (circlular) were used to make the cones. 
The isolated spores of AM fungi were transferred into separate 
cones. A solution of 2 % chloramines-T and 0.025 % Streptomycin 
sulphate was poured drop by drop into each cone for 20 minutes 
(Hepper and Mosse, 1980). The spores were then washed thoroughly 
by dropping sterilized distilled water into the cones. 
The pure culture of isolated AM fungi (G. fasciculatum, G. 
consfricum. Cigaspora margarifa. Acaulospora sp., G. infraradices 
and Sclerocysfis sp.) were maintained separately into each pot on 
Chlohs gayano Kunth (Rhodes Grass) grown in sandy loam soil mixed 
with river sand and farm yard manure in the ratio of 3:1:1 (v/v) 
respectively. The experiment first showed that G. fasciculatum was 
found best followed by G. infraradices. That's why I have tried to 
mass propagate these two AM fungi for my subsequent 
experiments. G. fasciculafum could not be cultured sufficiently for 
other experiments. Therefore, G. infraradices was also used for the 
experiments (experiment 3, 4, 5, 6 and 7). Roots were exposed by 
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removing soil with sterilized forceps and spores were placed around 
the roots with the help of sterilized fine brush and the soil was 
replaced. Five to six weeks after inoculation, snnall annount of 
rhizosphere soil and fine root pieces were collected from each pot. 
The populations of AM fungi in the inoculums were assessed by most 
probable number method (Porter, 1979). 
Fifty g inoculum with soil was added around the seedling to 
inoculate 500 infective propagules of AM fungus per pot (1 g 
inoculum contain 10 infective propagules). The crude inoculum 
consists of soil, extra matrical spores and spore carps, hyphol 
fragments and infective Rhodes grass segments. 
3.6.6 Preparation of PSM inoculum 
Nutrient agar plates were prepared by pouring sterilize nutrient agar 
medium in Petri plates and incubated over night at 30 °C to check 
the sterility and remove excess of moisture. The phosphate 
solubilizing bacteria were separately cultured on these plates. Single 
colony of these isolates from freshly culture sub-cultured plates was 
separately inoculated into nutrient broth flasks. These flasks were 
incubated at 37 ± 1 °C for 72 hrs for the mass inoculum of these 
isolates. One ml nutrient broth suspension contains about IxlO^ 
CFU/ml while, Aspergillus awamori was cultured in Richard's 
medium at 25 ± 1 °C for 15 days as described earlier (3.6.4). Ten ml 
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(equivalent to 1 g) suspension was inoculated into each pot around 
the chickpea seedling. 
3.6.7 Rhizobium inoculums 
One hundred g commercial culture of Rhizobium Jordan (chickpea 
strain) was suspended in 1000 ml distilled water and 10 ml 
(equivalent to 1 g inoculum) was inoculated around each pot after 
thinning. 
3.7 Inoculation technique 
For inoculation of M. incognita, M. pliaseolina, AM fungi and other 
PSM, soil around the roots was carefully mov^d aside with out 
damaging the roots. The inocula of these microorganisms were 
poured around the foots and the soil was replaced. An equal 
volume of sterile water was added to control treatments. 
Inoculum of phosphate solubilising microrganisms (PSM) and AM 
fungi were used with culture media. PSM were grown in nutrient 
broth / Richard's liquid media (bacteria for 72hrs at 37 °C and fungi 
for 15 days at 25 ^C) before their use as biocontrol agents hence no 
significant nutrients left in the medium. Use of fresh nutrients broth will 
add nutrients to the soil, therefore not used. Similarly, AM fungi were 
added with few Rhodes gross segments along with some soil 
particles; it also had no significant effect on plant growth. 
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3.8 Field experiment 
A field experiment was conduced at University Fort, Aligarln Muslim 
University; Aligarh generally available for the field research v^ork (soil 
sandy loam, pH 7.5, water holding capacity 42 %, porosity 39 %, 
electrical conductivity 0.67, N 95.90 mg/kg soil, P 11.4 mg/kg soil and 
K 160.89 mg/kg soil). The site at Fort was selected with a view 
suitable for chickpea crop. Maize (Zea mays) was harvested 
Septmber, 2006. The field was prepared by ploughing and removing 
grasses and plant debris. 
Aligarh is is situated at 27°53' N latitude, 78°4' E longitude and 187.45 
m altitude with an area of 3431 sq km. Its climate is sub-tropical, with 
hot dry summer and cold winters. The winter extends from the 
middle of October to the end of March. The mean temperature 
during this season ranges from 23°C and 12 °C respectively. 
The average rainfall is 847.3 mm. More than 85 % of the total rainfall 
occurs during June to Septenriber and some 10 % in the winter. The 
winter rainfall is useful for Rabi crops. The relative humidity of the 
winter season ranges-, between 56 % and 11 % with an average of 
66.5 %, that of the summer, between 37 % and 49 % with an average 
of 43 % and that of the monsoon season, between 63 % and 73 % 
with an average 68%. 
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To evaluate the effects of phosphate solubilizing microorganisms 
(found best in pot trial) and Rhizobium sp. on the root-rot disease 
complex of chickpea in field condition. Since, 6 biocontrol agents 
were used in the field trial. It was not possible for me to use these 
biocontrol agents in combination with Rhizobium due to difficulty in 
handling of such a large field trial. The aim of the experiment was to 
find out the best biocontrol agent under field condition. 
Experiment was conducted in randomized block design and the size 
of each plot was 9 sq meter. For this healthy, uniform size seeds were 
surface sterilized with 0.1 % Sodium hypochlorite (NoOCI) and 
washed three times with distilled water. Sowing was done by the 
usual 'behind the plough' method at the rate of 60 kg / ha on 
October 25, 2006. After germination, the distance between 
seedlings and rows was maintained at 20 cm and 40 cm 
respectively. The seedlings were inoculated with pathogens and 
treated with phosphate solubilizing microorganisms and Rhizobium 
and the untreated ones served as a control as described earlier 
(3.7). The plots were free from weed, thrice. The plants were irrigated 
thrice at 40, 80 and 120 days after sowing and were harvested at 
150 days. Data on plant growth, various yield parameters (Hundred 
seed weight and seed yield) was also recoreded. 
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3.9 Experimental Design 
All the experiments were carried out in a randomized block design 
with four experimental variables a) Control; b) M. incognita; c] M. 
phaseolina; d) M. incognito + M. ptiaseolina (Fig. la and b). Each 
set was inoculated with biocdntrol agents as given below. 
Experiment-1 Effect of AM fungi on growtti, ctilorophyli, nitrogen, 
phosphorus and potassium concentrations and root-rot disease 
complex of chickpea 
Effect of six species of AM fungi viz. Glonnus fosciculotunn Thaxter 
sensu Gerd., G. constrictum Trappe, G. intraradices Schenck and 
Smith, Gigaspora margarita Becker and Hall, Acaulospora sp. 
Trappe and Sclerocystis sp. Trappe were observed on the growth 
and root-rot disease complex of chickpea. The treatments were 
applied are shown • in Table I. There were seven treatments 
comprising of six AM fungi and a control. Each set was replicated 
five times (7x4x5=140). 
Table I 
Treatments 
Control 
Control 
Glonnus fosciculatum 
Glonnus constrictum 
Gigaspora morgarito 
Acaulospora sp. 
Glomus intraradices 
Sclerocystis sp. 
c 
Ml 
MP 
Ml + MP 
C 
Ml 
MP 
Ml + MP 
Explanation of Fig. la 
Uninoculated control plant 
Plant inoculated with M. incognita 
Plant inoculated with M. phaseolina 
Plant inoculated with M. incognita + M. phaseolina 
Fig. lb 
Uninoculated control plant with root system 
Plant inoculated with M. incognita showing root galling 
Plant inoculated with M. phaseolina exhibiting root-rotting 
Plant inoculated with M. incognita + M. phaseolina showing 
root-rot disease complex 
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vz 
Fig. la 
1 
r 
I+MP 
Fig. lb 
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M. incognita 
M. plioseolina 
M. incognifa 
+ 
M. pfiaseolina 
Control 
G. fascicuiofum 
G. consfricfum 
G. nr)argarifo 
Acoulosporo sp. 
G. infraradices 
Sclerocysfis sp. 
Control 
G. fascicuiofum 
G. consfricfum 
G. margarifo' 
Acaulospora sp. 
G. infraradices 
Sclerocysfis sp. 
Control 
G. fascicuiofum 
G. consfricfum 
G. margarifa 
Acaulospora sp. 
G. infraradices 
Sclerocysfis sp. 
-
Experiment-2 Effect of Glomus fasciculatum and Rhizobium sp. on 
the growth, chlorophyll, nitrogen, phosphorus and potassium 
concentrations and root-rot disease complex of chickpea 
Effect of G. fascicuiofum and Rfiizobium sp. were observed on the 
growth and root-rot disease complex of chickpea. There were four 
treatments comprising of Rfiizobium, G. fasciculatum, Rhizobium + 
G. fascicuiofum and a control and these were tested against 4 
pathogens i.e. Control, M. incognifa, M. pfiaseolina, M. incognifa + 
M. pfiaseolina as shown in Table II and each set was replicated five 
times (4x4x5=80). 
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Table II 
Treatments 
Control 
M. incognito 
M. phoseolino 
M. incognito 
+ 
M. ptioseolino 
Control 
Rhiiobium 
Glomus fosciculotum 
Rtiizobium + G. fosciculotunn 
Control 
Rhizobium 
G. fosciculotum 
Rhizobium + G. fosciculotum 
Control 
Rhizob/um 
G. fosciculotum 
Rliizobium + G. fosciculotum 
Control 
Rtiizobium 
G. fosciculotum 
Rhizobium + G. fosciculotum 
Experiment-3 Effect of Glomus intraradices, Aspergillus awamori 
and Bacillus sp. (isolate B22) on the growth, chlorophyll, nitrogen, 
phosphorus and potassium concentrations and root-rot disease 
complex of chickpea 
Effect of G. introrodices, A. owomori and Bocillus sp. (isolate B22) 
were studied for the management of root-rot disease complex of 
chickpea. There were eight treatments comprising of G. 
introrodices, A. owomori, Bocillus sp. (B22), G. introrodices + A. 
awamori, G. intraradices + Bacillus sp. (B22), A. awamori + Bacillus 
sp. (B22), G. intraradices + A. owomori + Bocillus sp. (B22) and a 
control. These 8 treatments were tested against 4 pathogen 
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combination (Table III) and each set was replicated five times 
(8x4x5=160). 
Table 
Treatments 
Control 
Control 
Glomus introradices 
Aspergillus awamori 
Bocillus sp. (B22) 
G. intraradices + A. awamori 
M. ir\cognifa 
M. phaseolina 
G. intraradices + Bacillus sp. (B22) 
A. Qwamon + Bacillus sp. (B22)' 
G. intraradices + A. awamori + Bacillus sp. (B22) 
Control 
G. intraradices 
A. awamori 
Bacillus sp. (B22) 
G. intraradices + A. awamori 
G. intraradices + Bacillus sp. (B22) 
A. awamori + Bacillus sp. (B22) 
G. intraradices + A. awamori + Bacillus sp. (B22) 
Control 
G. intraradices 
A. awamori 
Bacillus sp. (B22) 
G. intraradices + A. awamori 
G. intraradices + Bacillus sp. (B22) 
M. incognita 
+ 
M. ptiaseolina 
A. awamori + Bacillus sp. (B22) 
G. intraradices + A. awamori + Bacillus sp. (B22) 
Control 
G. intraradices 
A. awamori 
Bacillus sp. (B22) 
G. intraradices + A. awamori 
G. intraradices + Bacillus sp. {B22) 
A. awamori + Bacillus sp. (B22) 
G. intraradices + A. awamori + Bacillus sp. (B22) 
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Experiment-4 Effect of Glomus intraradices, Aspergillus awamori 
and Pseudomonas aeruginosa (isolates Pa28] on ttie growth, 
ctiloroptiyll, nitrogen, phosphorus and potassium concentrations 
and root-rot disease complex of chickpea 
Effect of G. intraradices, A. awamori and P. aeruginosa (isolate 
Pa28) were applied for tine management of root-rot disease 
complex of chickpea. There were eight treatments comprising of G. 
intraradices, A. awamori, P. aeruginosa (Pa28), G. intraradices + A. 
awamori, G. intraradices + P. aeruginosa (Pa28), A. awamori + P. 
aeruginosa (Pa28), G. intraradices + A. awamori + P. aeruginosa 
(Pa28) and a control. These 8 treatments were tested against 4 
pathogen combination (Table IV) and each set was replicated five 
times (8x4x5=160). 
Table IV 
Treatments 
Control 
M. incognita 
Control 
Glomus intraradices 
Aspergillus awamori 
Pseudomonas aeruginosa (Pa 28) 
G. intraradices + A. awamori 
G. intraradices + P. aeruginosa (Pa 28) 
A. awamori + P. aeruginosa (Pa 28) 
G. intraradices + A. awamori + P. aeruginosa (Pa28) 
Control 
G. intraradices 
A. awamori 
P. aeruginosa (Po 28) 
G. intraradices + A. awamori 
G. intraradices + P. aeruginosa (Pa 28) 
A. awamori + P. aeruginosa (Po 28) 
G. intraradices + A. awamori + P. aeruginosa (Po 28) 
67 
M. phaseolina 
M. incognita 
+ 
M. 
phaseolina 
Control 
G. infraradices 
A. awamori 
P. aeruginosa (Pa 28) 
G. infraradices + A. awarmori 
G. infraradices + P. aeruginosa (Pa 28) 
A. awamori + P. aeruginosa (Pa 28) 
G. infraradices + A. awamon + P. aeruginosa (Pa 28) 
Control 
G. infraradices 
A. awamori 
P. aeruginosa (Pa 28) 
G. infraradices + A. awamori 
G. infraradices + P. aeruginosa (Pa 28) 
A. awamori + P. aeruginosa (Pa 28) 
G. infraradices + A. awamori + P. aeruginosa (Pa 28) 
Experiment-5 Effect of Glomus infraradices, Pseudomonas putida 
and Paenibacillus polymyxa on the growth, chlorophyll, nitrogen, 
phosphorus and potassium concentrations and root-rot disease 
complex of chickpea 
Effect of G. infraradices, P. pufida and P. polymyxa were applied for 
the management of root-rot disease complex of chickpea. There 
were eight treatments comprising of G. infraradices, P. pufida, P. 
polynnyxa, G. infraradices + P. pufida, G. infraradices + P. polymyxa, 
P. pufida + P. polymyxa, G. infraradices + P. pufida + P. polymyxa 
and a control. These 8 treatments were tested against 4 pathogen 
combination (Table V) and each set was replicated five times 
(8x4x5=160). 
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Table V 
Treatments 
Control 
M. incognito 
M. phoseolino 
M. incognito 
+ 
M. phoseo/ina 
Control 
Glomus infrarodices 
Pseudomonos putida 
Poenibacillus polymyxa 
G. infroradices + P. putida 
G. intraradices + P. polymyxa 
P. putida + P. polymyxa 
G. intraradices + P. putida + P. polymyxa 
Control 
G. intraradices 
P. putida 
P. polymyxa 
G. intraradices + P. putida 
G. intraradices + P. polymyxa 
P. putida + P. polymyxa 
G. intraradices + P. putida + P. polymyxa 
Control 
G. intraradices 
P. putida 
P. polymyxa 
G. intraradices + P. putida 
G. intraradices + P. polymyxa 
P. putida + P. polymyxa 
G. intraradices + P. putida + P. polymyxa 
Control 
G. intraradices 
P. putida 
P. polymyxa 
G. intraradices + P. putida 
G. intraradices + P. polymyxa 
P. putida + P. polymyxa 
G. intraradices + P. putida + P. polymyxa 
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Experiment-6 Effect of Glomus intraradices, Pseudomonas 
alcaligenes and Batillus pumilus on the growtti, chloroptiyll, 
nitrogen, ptiosptiorus and potassium concentrations and root-rot 
disease complex of ctiickpea 
Effect of G. intraradices, P. alcaligenes and B. pumilus were applied 
for the management of root-rot disease complex of chickpea. There 
were eight treatments comprising of G. intraradices, P. alcaligenes, 
6. pumilus, G. intraradices + P. alcaligenes, G. intraradices + 6. 
pumilus, P. alcaligenes + B. pumilus , G. intraradices + P. alcaligenes 
+ B. pumilus and a control. These 8 treatments were tested against 4 
pathogen combination (Table VI) and each set was replicated five 
times (8x4x5=160). 
Table VI 
Treatments 
Control 
M. incognita 
Control 
Glomus intraradices 
Pseudomonas alcaligenes 
Bacillus pumilus 
G. intraradices + P. alcaligenes 
G. intraradices + B. pumilus 
P. alcaligenes + B. pumilus 
G. intraradices + P. alcaligenes + B. pumilus 
Control 
G. intraradices 
P. alcaligenes 
6. pumilus 
G. intraradices + P. alcaligenes 
G. intraradices + B. pumilus 
P. alcaligenes + B. pumilus 
G. intraradices + P. alcaligenes + B. pumilus 
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M. phaseolina 
M. incognita 
+ 
M. pinaseolina 
Control 
G. infro'radices 
P. olcoligenes 
B. pumilus 
G. infrarodices + P. olcoligenes 
G. infrarodices + 6. punnilus • 
P. alcoiigenes + B. punnilus 
G. infrarodices + P. olcoligenes + B. pumilus 
Control 
G. infrarodices 
P. olcoligenes 
B. pumilus 
G. infrarodices + P. olcoligenes 
G. infrarodices + B. pumilus \ 
P. olcoligenes + B. pumilus 
G. infrarodices + P. olcoligenes + B. pumilus 
Experiment-7 Effect of Glomus intraradices, Pseudomonas shaita 
and Rhizobium sp. on the growth, chlorophyll, nitrogen, 
phosphorus and potassium concentrations and root-rot disease 
complex of chickpea 
Etfect of G. infrarodices, P. sfroifa and Rhizobium sp. were opplied 
for the management of root-rot disease complex of chickpea. There 
were eight treatments comprising of G. infrarodices, P. sfroifa, 
Rhizobium sp., G. infrarodices + P. sfroifa, G. infrarodices + Rhizobium 
sp., P. sfroifa + Rhizobium sp., G. infrarodices + P. sfroifa + Rhizobium 
sp. and a control. These 8 treatments were test against 4 pathogen 
combination (Table VII) and each set was replicated five times 
(8x4x5=160). 
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Table VII 
Treatments 
Control 
M. incognita 
1 
Control 
GIC)mus infraradices 
Pseudomonas sfraifa 
Rhizobium sp. 
G. infraradices + P. straifa 
G. infraradices + Rhizobium sp. 
P. sfraifa + Rhizobium sp. 
G. infraradices + P. sfraifa + Rhizobium sp. 
Control 
G. infraradices 
P. sfraifa 
Rhizobium sp. 
G. infraradices + P. sfraifa 
G. infraradices + Rhizobium sp. 
P. sfraifa + Rhizobium sp. 
G. infraradices + P. sfraifa + Rfiizobium sp. 
Control '• 
G. infraradices 
M. phaseolina P. sfraifa 
Rhizobium sp. 
G 
G 
P. 
infraradices + P. sfraifa 
infraradices + Rhizobium 
sfraifa + Rhizobium sp. 
i 
i 
sp. 
G. infraradices + P. sfraifa + Rhizobium sp. 
M. incognita 
+ 
M. phaseolina 
Control 
G. 
P. 
infraradices 
sfraifa 
Rhizobium sp. 
G. 
a^ 
p 
infraradices + 
infraradices + 
<:frriiin + P h i r n f 
P. sfraifa 
Rhizobium 
-1/1 / m cn i 
sp. 
G. infraradices + P. sfraifa + Rhizobium sp. 
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Experiment-8 Effect of phosphate soiubilizing microorganisms and 
Rhizobium sp., on the growth, nodulation, yield and root-rot 
disease complex of chickpea under field condition 
Effect of phosphate soiubilizing microorganisms and Rhizobium sp. 
on the growth, nodulation, yield and root-rot disease complex was 
observed on under field condition. There were 7 treatments 
comprising of G. fasciculatum, P. pufida, P. alcaligenes, A. awamori, 
P. oeruginisa (isolate 28), Rhizobium sp. and a control. These 7 
treatments were also tested against 4 pathogen combination (Table 
VIII) and each set was replicated three times (7x4x3=84). 
Table VIM 
Treatments 
Control 
M. incognita 
M. phaseolina 
• 
Control 
Glomus fascicu/atum 
Psei^domonos pufida 
Pseudomonas alcaligenes 
Aspergiilus awamori 
Rhizobium sp. 
Pseudomonas aeruginosa 
Control 
G. fasciculatum 
P. pufida 
P. alcaligenes 
A. awamori 
Rhizobium sp. 
P. aeruginosa 
Control 
G. fasciculatum 
P. pufida 
P. alcaligenes 
A. awamori 
Rhizobium sp. 
P. aeruginosa 
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M. incognito 
+ 
M. piioseolino 
Control 
G. fosciculotunn 
P. pufido 
P. oicoligenes 
A. owomori 
Rliizobium sp. 
P. oeruginoso 
3.10 Observations 
The plants were harvested 90 days after inoculation. Data on plant 
length, plant fresh weight, number of pods, number of nodules, 
number of galls, percentage- root colonization, root-rot index and 
nematode population were recorded. The length of plants was 
recorded in cm from'the top of the first leaf to end of root. Excess 
water was removed by blotting before weighing the plant for fresh 
weight. The plants were cut with knife above the base of the root 
emergence zone to separate shoot and root. Shoots and roots were 
kept in envelopes at 60 °C for 2-3 days before weighing for dry 
weight. A 250 g sub sample of well mixed soil from each treatment 
was processed by Cobb's Sieving and decanting technique 
followed by Baermann funnel extraction (Southey, 1986). Nematode 
suspension was collected after 24 hrs and the numbers of 
nematodes were counted in five aliquots of 1 ml of suspension from 
each sample. The means of five counts were used to calculate the 
population of nematodes per kg soil. To estimate the number of 
juvenile's, eggs and females inside the roots, 1 g sub-sample of roots 
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was macerated in a Waring blender and counts were made from 
the suspension thus obtained. Numbers of nematodes present in 
roots were calculated by multiplying the number of nematodes 
present in 1 g of root by the total weight of root. Root colonization 
caused by AM fungi was determined as described earlier (3.5.5). 
Root-rot index was determined by scoring the severity of disease on 
a scale ranging from 0 (no disease) to 5 (severe root-rot). 
Chlorophyll was estimated per g fresh weight basis while nitrogen, 
phosphorus and potassium concentrations were estimated per g dry 
weight basis. 
3.11 Estimation of Chlorophyll 
Chlorophyll was estimated by the method of Arnon (1949). Fresh 
leaves were plucked during the flowering stage from the plants of all 
treatments, weighed (1 g) and macerated in 80 % acetone. The 
suspension was filtered through Whatman filter paper No. 1 to 
volumetric flask and volume was made TOO ml by adding 80 % 
acetone. The absorbance was read at 645 and 663 nm against 80 % 
acetone blank on spectrophotometer. The Total chlorophyll was 
calculated according to the following formula. 
Total chlorophyll (mg g ' ) fresh leaf 
V 
= 20.2 X (A 645) + 8.02 (A 663) x 
1000 X W 
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Where, A = Absorbance 
V = Total volume of the solution (ml) 
W = Fresh weight of leaf. 
3.12 Estimation of N, P and K 
3.12.1 Preparation of Plant Samples 
Healthy leaves of different treatments were collected for the 
estimation of N, P and K concentrations. The leaves were oven dried 
at 60 °C and made powderd with mortar and pestle. The powder 
was sieved through 72 meshes and stored in small polythene bags 
separately. 
3.12.2 Digestion of powder 
Hundred mg leaves powder was oven dried again before digestion 
in a 50 ml Kjeldahl flask with 2 ml sulphuric acid. The content of the 
flask was heated on temperature controlled digestion assembly for 2 
hrs to allow complete reduction of nitrates present in the plant 
material. As a result, the contents of the flask turned black. After 
cooling the flask for about 15 minutes, 0.5 ml of 30 % H2O2 was 
added drop by drop and the solution was heated again till the 
colour changed from black to light yellow. Again offer cooling for 30 
minutes, an additional 3 drops of 30 % H2O2 were added, followed 
by heating for another 15 minutes. The process was repeated till the 
contents of the flask turned colourless. The peroxide digested 
material was transferred from Kjeldahl flask to 50 ml volumetric flask 
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with three washing with DDW. The volume was made up to the mark 
with DDW. This solution was used for the estimation of ^ ^ f ^ S S i 
concentrations. " ^ ""^  
j |> /Acc. No ' \ 
3.12.3 Nitrogen concentration 4s;\ i ^ 
The nitrogen concentration was estimated by the metho^iJfy^/^J'T^Jji'^^'''-^ 
(1944). Ten ml aliquot.of peroxide digested material was taken in 50 
ml volumetric flask. To this, 2 ml 2.5 N sodium hydroxide was added 
to neutralize the excess of acid and 1 ml 10 % sodium silicate solution 
was later added to prevent the turbidity. The volume of the solution 
was made up to the mark with DDW. In 10 ml graduated test tube, 5 
ml of this solution was taken and 0.5 ml Nesssler's reagent was 
added. The final volume was made up to 10 ml with DDW. The 
contents of the test tube were allowed to stand for 5 minutes for 
maximum colour development. Then solution was transferred to 
colorimetric tube and optical density was read at 525 nm. For 
standard curve of nitrogen, 50 mg ammonium sulphate was 
dissolved in 1000 ml DDW. From this solution, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 
0.7, 0.8, 0.9 and 1.0 ml was pipetted in 10 different graduated test 
tubes. The solution in each test tube was diluted to 5 ml. In each test 
tube 0.5 ml Nessler's reagent was added and the final volume was 
made up to 10 ml with DDW. After five minutes, the optical density 
was read at 525 nm. A blank was run with each set. Standard curve 
n 
was plotted using diflerent concentrations of ammoniunn sulphate 
solution versus optical density and the amount of nitrogen present in 
the sample was determined. 
3.12,4 Phosphorus concentration 
Phosphorus concentration was estimated by the method of Fiske 
and Subba Row (1925). Five ml aliquot of peroxide digested material 
was taken in a 10 ml graduated test tube, and 1 ml of ammonium 
molybdic acid reagent (2.5 %) was added carefully, followed by the 
addition of 0.4 ml of l-amino-2-nephthol-4-sulphonic acid. To this, 
DDW was added to moke up the volume to 10 ml. The solution was 
shaken for 5 minutes for maximum colour development and 
subsequently transferred to colorimetric tube. The optical density 
was read at 620 nm. For standard curve of phosphorus, 351 mg 
potassium monobasic dihydrogen orthophosphate was dissolved in 
sufficient DDW to which 10 ml ION sulphuric acids was added and 
the final volume was made to 1000 ml. From this stock solution 0.1, 
0.2, 0.3, 0.4, 0.5, 0.6, 0 J , 0.8, 0.9 and 1.0 ml was taken in ten different 
graduated test tubes. The solution in each test tube was diluted to 5 
ml. In each tube, 1 ml molybdic acid reagent and 0.4 ml l-amino-2-
nephthol-4-sulphonic acid was added and the final volume was 
mode up to 10 ml. After 5 minutes, optical density was read 620 nm. 
A blank was run with each set. Standard curve was plotted using 
different dilutions of potassium dihydrogen orthophosphate solution 
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versus optical density and the amount of the phosphorus present in 
the sample was determined. 
3.12.5 Potassium concentration 
Potassium was estimated by flame photometer (AIMIL, Flame 
Photometer, Mumbai, India). Ten ml aliquot of peroxide digested 
material was taken and read by using filter for potassium. A blank 
was also run side by side with each set. The readings were 
compared with calibration curve plotted using known dilutions of 
standard potassium chloride,solution. For standard curve, 1.907 g 
potassium chloride was dissolved in 100 ml DDW, of which 1 ml 
solution was diluted to 1000 ml. The resulting solution was of 10 ppm 
K. From this 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 ml solution was transferred to 
10 vials separately. The solution in each vial was diluted to 10 ml with 
DDW. The diluted solution of each vial runs separately. A blank was 
also run with each set. Standard curve was prepared using different 
dilutions of potassium chloride solution versus readings on the scale 
on galvanometer. The amount of potassium concentration in the 
sample was determined with the help of standard curve. 
3.13 Statistical analysis 
The data were analysed statistically using factorial analysis 
(Dospekhov, 1984). Least significant differences (L.S.D.) were 
calculated at p = 0.05. Duncan's multiple range test (DMRT) was 
employed to denote the significant differences between 
treatments. 
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Ke^ulty 
Chapter 4 
RESULTS 
4.1 Occurrence of root-knot nematode and root-rot fungus 
Five hundred root and soil sannples collected from chickpea fields were 
exanriined for the presence of root-knot nennatode Mefoidogyne spp. 
and root-rot fungus Macrophomina phaseo/ino. Out of 500, root-knot 
nematode Me/oidogyne spp. were found in 396 samples while M. 
phaseodna was isolated from 228 samples with 79.2 % and 45.6 % 
frequency of occurrence respectively (Table 1). Out of 396 samples, 
288 samples showed the presence of M. incognita while remaining 108 
samples were found to be infected with M. jovanica. Moreover, M. 
incognita was present without M. phaseolina in 101 samples while in 
187 samples it was present together with M. phaseolina. Similarly, M. 
javanica was present in 81 samples without M. phaseolina while in 27 
samples it was present with M. phaseolina. Macrophomina phaseolina 
was isolated from 228 samples. Out of 228, in 14 samples M. phaseolina 
was present alone, while in the remaining 214 samples it was present 
with Meloidogyne spp. (Table 1). 
Table 1. Frequency of occurrence of root-knot nematodes and root-rot fungus 
in samples studied 
Total no. of 
samples 
500 
Pathogens 
Meloidogyne spp. 
M. phaseofina 
Pathogens present 
in no. of samples 
396 
228 
Frequency of 
occurrence 
79.2 
45.6 
Pathogens Present 
M. incognita alone 
M. javanica alone 
M. plioseolina alone 
M. incognita + M. pliaseolina 
M. javanica + M. phiaseolina 
No. of samples 
101 
81 
14 
187 
27 
Frequency of occurrence 
20.2 
16.2 
2.8 
37.4 
5.4 
Table 2. Percentage root colonization and spore population / 100 g soil from 
chickpea field 
AM fungi 
Giomus fasciculatunn 
Glomus intraradices 
Glomus sp. 
Glomus mosseae 
Glomus aggregatum 
Glomus constrictum 
Glomus claroideum 
Glomus etunicatum 
Gigaspora sp. 
Acaulospora sp. 
Scutellopsora sp. 
Sclerocystis sp. 
Percentage 
colonization 
18-64 
^ 16-58 
12-39 
12-36 
11-40 
15-48 
-, 8-14 
9-16 
11-44 
10-42 
6-12 
12-36 
Spore no./IOOg soil 
522-696 
508-628 
478-593 
336-454 
318-426 
328-432 
224-334 
232-342 
482-602 
258-378 
218-308 
236-354 
H 
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4.2 Occurrence of AM fungi 
Collected samples were also-examined for the presence of AM fungi. 
Out of 500 samples, 446 samples showed the presence of AM fungi 
with 89.2 % frequency of occurrence. There were 12 species of AM 
fungi belonging to the 5 genera namely Glomus, Gigaspora, 
Acaulosporo, Sderocysfis and Scvfellospora (Table 2; Fig. 2 and 3). The 
mycorrhizal colonization varied from 6-64 %. The maximum colonization 
of chickpea roots was caused by G. fasciculafum followed by G. 
infrorodices, G. consfricfum, Sderocysfis sp., Gigaspora sp., 
Acaulosporo sp., G. aggregafum, Glomus sp., G. mosseae, G. 
etunicafum, G. claroideum and Scufellospora sp. The spore population 
varied from 224-696 per 100 g soil. Glomus fasciculafum hod the 
maximum spore population in the soil followed by G. infrorodices, 
Gigaspora sp.. Glomus sp., G. mosseae, G. consfricfum, G. 
aggregafum, Acaulosporo sp., Sderocysfis sp., G. efunicafum, G. 
claroideum and Scufellospora sp. (Table 2) and were encountered 
with 23.2, 17.6, 11.6, 7.8, 6.2, 6.0, 5.6, 4.2, 2.4,' 1.8, 1.6 and 1.2 % 
frequency of occurrence respectively (Table 3). 
Glomus fasciculafum-. and Gigaspora sp. were present in all the 10 
districts while G. infrorodices was present in 7 districts (Table 3). Similarly, 
G. mosseae was found in all the 10 districts except Aligarh. Glomus 
sp. was present in Aligarh, Badaun, Bulondshahr, Hapur, Mathura and 
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I - ' 
Ciomtif intraracSces CJomus ^ggrqgatum 
Glormjs eturvcatum Glomus darokieum 
Fig. 2 
83 
/ 
C/omus sp. Gigaspora sp. 
r \ . 
^ 
Scutellospora sp. Sdenxystissp. 
Fig. 3 
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Saharanpur while G. oggregatum was found in 4 districts namely 
Aligarh, Hapur, Hathras and Mathura. However, Agra, Bulandsiiahr, 
Hapur, Muzaffarnagar, Saharanpur and Sambhal districts revealed the 
presence of G. consfricfum while Acaulospora sp., was present in 
Aligarh, Hathras, Mathura, Saharanpur and Sambhal. Scufellospora sp. 
and G. efunicafum were found to be present in Badaun, Hapur and 
Saharanpur while G. c/aroideum was present in Aligarh, Bulandshahr, 
Hapur and Sambhal. Moreover, Sclerocysfis sp. was found in Aligarh, 
Saharanpur and Sambhal districts of U.P. (Table 3). 
4.3 Identification of othier ptiosptiate solubilizing microorganisms 
(PSM) 
Eighteen isolates of phosphate solubilizing micorganisms were isolated 
from pathogen suppressive soils of chickpea fields and identified using 
Sergey's Manual of Determinative Bacteriology (Hort ef. a/., 1994) as 
shown in table 4. After Gram staining, Pseudomonas and Bacillus 
identification were confirmed by growing on King's B medium and 
Casein agar glucose (GAG) medium respectively. Green fluorescence 
of Pseudomonas spp. wos very clear on • King's B medium. 
Characteristic tests for identification of Pseudomonas showed that 
5 isolates (Pa22, Pa23, Pa24, Pa26 and Pa28) were positive for 
growth at 41 °C, gelatin liquefaction, citrate utilization while negative 
for levan formation and growth at 4 °C, thus identified as Pseudomonas 
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aeruginosa (Schroeter) Migula. Three isolates (Pf2], Pf25 and Pf27) 
showed different behavior such as positive levan formation, gelatin 
liquefaction and growth at 4 °C and identified as Pseudomonos 
fluorescens Migula (Table 4). 
Biochemical tests for Bacillus showed positive for growth at 45 °C, pH 
5.7 and citrate utilization while negative for growth in 7 % NaCI. 
However, some isolates showed variable response to citrate utilization 
and gelatin liquefaction. Comparison of these results with Bergey's 
Manual of Determinative Bacteriology, these 10 isolates may belong to 
Bacillus coagulans Hammer, 6. cirulans Jordan, 6. macerans 
Schardinger, B. anfhracis Cohn and B. cereus Frankland and Frankland 
(Table 4). 
4.3.1 Effect on hatching and penetration of M. incognita 
Effect of 18 isolates o'f Pseudomonas and Bacillus were studied on the 
hatching and penetration of M. incognita (Table 5a). Among 
Pseudomonas isolates, P. aeruginosa (Pa28) had maximum inhibitory 
effect on hatching and penetration of M. incognita followed by Pa22, 
Pf27, Pf25, Pa23, and Pa26 while isolate Pf21 and Pa24 were least 
effective in the inhibition of hatching and penetrqtion. Out of Bacillus 
isolates, B22 had maximum inhibitory effect on hatching 
and penetration of M. incognita followed by B28, B23, B27, B25, B24 
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Table 5a. Effect of Pseudomonas and Bacillus isolates on root colonization of 
chickpea, inliibitory effect on hatching and penetration of M. incognita 
and antagonistic activity against M. phaseolina. 
Isolates 
DDW 
Pseudomonas Pf21 
Pa22 
Pa23 
Pa24 
Pf25 
Pa26 
Pf27 
Pa28 
Bacillus B21 
B22 
B23 
824 
B25 
B26 
B27 
B28 
B29 
B30 
L.S.D. p = 0.05 
No. of M. incognita 
hatched 
266a 
182ef 
136j 
163hi 
ISScde 
160i 
170gh 
144j 
106k 
172gh 
861 
110k 
192c 
179fg 
204b 
169hi 
941 
190c 
205b 
9 
Penetration of 
M. incognita 
31a 
24bcd 
16gh 
21def 
26bc 
20ef 
23cde 
18fg 
14hi 
24bcd 
lOj 
12ij 
21def 
16gh 
25bc 
13hij 
l l i j 
20ef 
27b 
3 
Root 
colohization 
0.8 X 10^ 
1.8 X 104 
1.2 xlO'' 
0.6 X 10^ 
1.4 xlO^ 
1.0x10" 
1.6 X 10" 
2.0 X lO'' 
1.2 X 10-^  
1.9 X 10" 
1.5 X 10-* 
0.6 X 10" 
1.1 X 10-* 
0.4 X 10" 
1.3 X 10-* 
1.7 X 10" 
0.7 X 10^ 
0.3 X 10" 
-
Activity against 
M. pf)aseolina 
-
+ 
+ 
-
-
+ 
+ 
+ 
-
+ 
-
-
-
-
+ 
+ 
-
-
-
Values within each column followed by same letter are not significantly different 
(p=0.05). 
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B21 while isolates B30 and B26 were least effective in the inhibition of 
hatching and penetration of M. incognito (Table 5a). 
4.3.2 Root colonization by PSM isolates 
Root colonization of chickp'ea roots by Pseudonr>onas and Bacillus 
isolates were also studied (Table 5a). Annong the Pseudomonas 
isolates, P. aeruginosa (Pa28) caused nnaximum root colonization 
followed by Pa22, Pf27, Pf25, Pa23, Pa26, Pf21 and Pa24. Annong 
Bacillus isolates, B22 caused maximum root colonization followed by 
B28, B23, B27, B21, B25, 829, B24, B26 and B30 (Table 5a). 
4.3.3 Effect of PSM isolates against M. phaseolina 
Effect of 18 isolates of Pseudomonas and Bacillus were also studied on 
root-rot fungus M. phaseolina. Isolates Pa22, Pa23, Pa26, Pf27, Pa28, 
B22, B27 and B28 had inhibitory effect against M. pliaseolina (Table 
5a). However, 10 isolates namely Pf21, Pa24, Pf25, B21, B23, B24, B25, 
B26, B29 and B30 had no such effect against M. phaseolina (Table 5a). 
4.3.4 Siderophores production by Pseudomonas isolates 
Siderophores production by different isolates of Pseudomonads 
isolated from pathogen suppressive soil was detemined on Chrome-
Azurol Sulphonate (CAS) agar medium. Out of 8 isolates, Pa28 showed 
the greater production of siderophore followed by Pf27, Pf25, Pf21, 
Pa26 and Pa23 (Fig. 4). However, isolates Pa22 and Pa24 were unable 
to produce siderophore on Chrome-Azurol Sulphonate agar medium. 
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Pa22 
Pa23 Pf21 
Pa24 
Pf25 
Pa26 
Pa28 
Pf27 
Fig. 4 . Siderophores production by Pseudomonas 
isolates 
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4.3.5 Electrophoretic study of PSM isolates 
SDS-PAGE of 18 isolates of f'seudomonas and Bacillus isolated from 
pathogen suppressive soils was carried out. Aim of the study was to find 
out differences in protein bands of different isolates of Pseudomonas 
and Bacillus. Although Pseudomonas isolate have different protein 
bands patterns compared to Bacillus isolates (Fig. 5). However, protein 
bands of different Pseudomonas isolates were almost similar. Similarly, 
different Bacillus isolates also have similar protein bands. Therefore, it 
was not possible to identify different species of Pseudomonas I Bacillus 
on the basis of protein bands. 
Two isolates (Pa22 and B22) have greater inhibitory effect on hatching 
and penetration M. incognita. Similarly, isolates Pa22, Pa23, Pa26, Pf27, 
Pa28, B22, B27, and 828 have inhibitory effect against A/1, phaseolina. 
Bacillus (B22) and P. aeruginosa (Pa28) caused greater colonization of 
chiclcpea roots. These 2 isolates (822 and Pa28) also hove inhibitory 
effect against M. phaseolina. Therefor, B22 and Pa28 were selected for 
the biocontrol of root-rot disease complex of chickpea under pot and 
field condition. 
4.3.6 Isolates obtained from culture collections 
Five isolates namely Pseudomonas pufida, P. stroifa, P. alcaligenes, 
Paenibacillus polymyxa, Bacillus pumilus and a fungus Aspergillus 
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B21 B22 B23 824 B25 B26 B27 B28 B29 B30 
Pf21 Pa22 Pa23 Pa24 Pf25 Pa26 Pf27 Pa28 
Fig. 5. Protein band pattern of PSIVi isolates 
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awamori were obtained from culture collections. Out of bacterial 
isolates, P. pufida was found best in ttie intiibition of hatching and 
penetration of M. incognita followed by P. alcaiigenes, P. sfraita, P. 
polymyxo and 6. pumilus (Table 5b). All the five isolates also have 
antifungal activity against M. phaseolina. In addition, these isolates 
were found good root colonizers (Table 5b). 
Therefore, these 5 isolates and a fungus Aspergillus awamori were used 
for the management of root-rot disease complex of chickpea in the 
pot and field tests. 
4.4 Pot Experiments 
Experiment 1. Effect of AM fungi on growtti, ctiiorophiyll, nitrogen, 
ptiosphorus and potassium concentrations and root-rot disease 
complex of chicicpea 
1 .A Effect on stioot dry weigtit (Plant growtti) 
Inoculation of AM fungi namely G. fasciculatum, G. intraradices, 
G. consfricfum. Cigaspora margarifa and Sclerocysfis sp. to plants 
without pathogens caused a significant increase in shoot dry weight 
over uninoculated controls (Table 6). Inoculation of G. fasciculatum to 
plants without pathogens caused a greater increase in shoot dry 
weight than caused by G. margarifa and Sclerocysfis sp. However, 
increase in shoot dry weight caused by G. fasciculatum was similar to 
that caused by G. consfricfum and G. intraradices (Table 6). 
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Table 5b. Effect of PSM on the hatching and penetration of M. incognita, 
antagonistic activity against the M. phaseolina and root 
colonization of chickpea. 
Isolates 
DDW 
p. alcaligenes 
P. putida 
P. straita 
P. polymyxa 
B. pumilus 
LS.D. p = 0.05 
No. of M. incognita 
hatched 
252a 
69c 
61d 
71c 
74bc 
79b 
7 
Penetration of 
M. incognita 
26a 
5cd 
3d 
7bc 
8bc 
9b 
3 
Root 
colonization 
— 
2.1 X lO'* 
2.2 X 10^  
2.1 X 10^ 
2.0 X lO'' 
1.9 X 10^  
-
Activity against 
M. phaseolina 
... 
+ 
+ 
+ 
+ 
+ 
-
Values within each column followed by same letter are not significantly different 
(p = 0.05). 
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Inoculation of M. incogniio and M. phoseolino alone and in 
combination caused a significant reduction in shoot dry weigint over 
uninoculated controls (Table 6). Reduction in shoot dry weight was 
greater when M. incognita and M. pinoseolina were inoculated 
together than the inoculation of either of them. Meloidogyne incognito 
caused almost a similar reduction in shoot dry weight to that caused 
by M. ptioseolina. Inoculation of any species of AM fungus caused a 
significant increase in shoot dry weight of pathogen inoculated plants. 
Inoculation of G. foscicuiotum caused a greater increase in shoot dry 
weight of pathogen inoculated plant while Acaulosporo sp. was least 
effective in increasing shoot dry weight, inoculation of any species of 
AM fungus significantly increased number of pods per plant both in 
pathogen inoculated and uninoculated ones. Inoculation of M. 
incognita I M. ptiaseolina or both significantly reduced number of 
pods per plants. Modulation was very poor in all the plants either 
inoculated with pathogens or with AM fungus (Table 6). 
l.B Percent root colonization 
Percent root colonization was high in plants inoculated with 
G. fosciculatunn followed by G. intraradices, G. constrictunn. 
Sclerocystis sp., G. margarita, and Acaulospora sp. (Table 6). In the 
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presence of the pathogens, root colonization by AM fungus was found 
to be reduced (Table 6). 
1.C Effect on galling and nematode multiplication 
The number of galls per root systenn and nennatode nnultiplication was 
high where nennatodes were inoculated alone (Table 6 and Fig 6). 
Root galling and nematode multiplication was found to be reduced in 
the presence of M. phaseolina but root rotting was increased (Fig 6). 
Inoculation of G. fasciculofum caused higher reduction in galling and 
nematode multiplication followed by G. infraradices, G. consfricfum, 
Sclerocysfis sp., G. margarita and Acau/ospora sp. (Table 6). 
l.D Root-rot indices 
Root-rot indices were 3 and. 5 when M. phaseoiina was inoculated 
alone and together with M. incognita respectively (Table 6). When M. 
phaseolino was inoculated alone, inoculation with any species of AM 
fungus reduced root-rot index to 2. Root-rot index was reduced to 3 
when M. pliaseolina plus M. incognito inoculated plants were treated 
with any species of the AM fungus except G. fasciculatum which 
reduced index to 2 (Table 6). 
l.E Effect on ctilorophyll, N, P and K concentrations 
Inoculation of six species of AM fungi to plants without pathogens 
caused a significant increase in chlorophyll and phosphorus 
concentration over uninoculated controls (Table 7). However, 
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Fig. 6. 
Ml Root showing galling caused by 
M. incognita 
Ml + MP Root showing typical symptoms 
of root-rot caused by M. incognita 
plus M. phaseolina 
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Table 7. Effect of six species of AM fungi on total chloroptiyll (Chi.), 
nitrogen (N), phosphorus (P) and potassium (K) concentrations in 
M. incognHa (Ml) and M. phaseolina (MP) inoculated and 
uninoculated chickpea plants 
Treatments 
Control 
M. incognita 
M. phaseolina 
M. incognita 
+ 
M. phaseolina 
C 
Gf 
Gc 
Gm 
Ac 
Gi 
Sc 
C 
Gf 
Gc 
Gm 
Ac 
Gi 
Sc 
C 
Gf 
Gc 
Gm 
Ac 
Gi 
Sc 
C 
Gf 
Gc 
Gm 
Ac 
Gi 
Sc 
L.S.D. p = 0.05 
Chi. (mg/g) 
fresh weight 
2.437f 
2.905a 
2.701c 
2.613d 
2.522e 
2.810b 
2.684c 
2.135] 
2.718c 
2.510e 
2.365gh 
2.294i 
2.605d 
2.417fg 
2.284i 
2.805b 
2.540e 
2.412fg 
2.325hi 
2.617e 
2.497e 
1.627o 
2.165j 
1.986kl 
1.840m 
1.7G5n 
2.007k 
1.9351 
0.052 
N (mg/g) 
dry weight 
3.66bcd 
3.80ab 
3.84a 
3.69bc 
3.75ab 
3.85a 
3.79ab 
3.02m 
3.54def 
?.39ghij 
3.27ijk 
3.25jk 
3.48efgh 
3.38ghij 
3.25jk 
3.66bcd 
3.49efg 
3.34hii 
3.36ghii 
3.58cde 
3.41fghi 
2.81 n 
3.45efgh 
3.26jk 
3.071m 
2.97m 
3.34hii 
3.18kl 
0.14 
P (mg/g) 
dry weight 
0.322hi 
0.396a 
0.371 bed 
0.355def 
0.350efg 
0.384ab 
0.362cde 
0.281 no 
0.365cde 
0.341 fgh 
0.312ikl 
0.3031m 
0.353efg 
0.328hij 
0.291 mn 
0.374bc 
0.350efg 
0.321 ijk 
0.312jkl 
0.361 cde 
0.336ghi 
0.242P 
0.305klm 
0.281 no 
0.268O 
0.264O 
0.293mn 
0.270O 
0.017 
K (mg/g) 
dry weight 
1.76efgh 
1.95a 
1.89abc 
1.84cd 
1.80defg 
1.92ab 
1.87bcd 
1.40nop 
1.82cde 
1.71 hi] 
1.601 
1.62kl 
1.76efgh 
1.68ijk 
1.45mno 
1.87bcd 
1.74fghi 
1.64jkl 
1.63kl 
l.Sldef 
1.73ghi : 
1.29q 
1.62kl ' 
1.46mn 
1.34pq 
1.36pq 
1.51m 
1.38op 
0.07 
C = Control; Gf = Glomus fasciculafum; Gc = G. constrictum; Gm = Gigaspora 
margarita; Ac = Acau/ospora sp.; Gi = Glomus intraradices: Sc = Sclerocystis sp. 
Values wittiin each column followed by same letter are not significantly different 
(p = 0.05) 
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inoculation of G. consfricfum and Glomus intraradices to plants without 
pathogens caused an increase in nitrogen concentration over 
uninoculated control. Inoculation of any species of the AM fungus to 
plant without pathogens also caused increase in potassium 
concentration except Acaulospora sp. Inoculation of G. fasciculatum 
to plants without pathogens caused a greater increase in chlorophyll, 
phosphorus and potassium concentrations than G. margarifo and 
Sclerocysfis sp. However, increase in chlorophyll, phosphorus and 
potassium concentrations caused by G. fosciculatum was similar to 
that caused by G. consfricfum and Glomus infrarodices (Table 7). 
Inoculation of M. incognifa and M. phaseolino alone and in 
combination caused, a significant reduction in chlorophyll, nitrogen, 
phosphorus and potassium concentrations over uninoculated controls 
(Table 7). Reduction in chlorophyll, nitrogen, phosphorus and 
potassium concentrations were greater when M. incognifa and M. 
pliaseolina were inoculated together than the inoculation of either of 
them. Meloidogyne incognifa caused almost similar reductions in 
phosphorus and potassium concentrations that caused by A^ . 
pfiaseolina but reductions caused by M. incognifa in chlorophyll and 
nitrogen concentration were greater than by M. ptiaseolino. 
Inoculation of any species of AM fungus caused a significant increase 
in chlorophyll, nitrogen, phosphorus and potassium concentrations of 
pathogen inoculated plants. Inoculation of G. fasciculafum caused a 
greater increase in chlorophyll, nitrogen, phosphorus and potassium 
concentrations of pathogen inoculated plants while Acouiospora sp. 
was least effective in increasing chlorophyll, nitrogen, phosphorus and 
potassium concentrations (Table 7). 
Experiment 2. Effect of Glomus fasciculafum and Rhizobium sp. on 
ttie growth, ctilorophyll, nitrogen, phosphorus and potassium 
concentrations and root-rot disease complex of chickpea 
2.A Effect on shoot dry weight 
Inoculation of Rhizobium and G. fasciculafum alone and in 
combination to plants without pathogens caused a significant increase 
in shoot dry weight over uninoculated plants (Table 8). Rtiizobium 
caused almost a similar increase in shoot dry weight of plants without 
pathogens that caused by G. fasciculafum. Inoculation of Rhizobium 
plus G. fasciculafum caused a greater increase, in shoot dry weight 
than caused by either of them (Table 8). 
Inoculation of M. Incognifa / M. phaseolina or both caused a 
significant reduction in shoot dry weight over uninoculated control but 
the reduction in shoot dry weight was greater when both the 
pathogens were inoculated together compared to inoculation of 
]02 
II 
(U c 
•D O 
C Q. (U O 
z a 
4— 
o 
0 
O «, 0) 
0 0 $ . 
Z D ) V I 
8 | 
I S 
(V c 
i:! 5 
0) O 
a. U 
V I 
- -3? •£ 
o o Q-
z c -^ 
"o ^ c 
2 
O) 
>-
• D 
_g 
a . 
o 
o 
O f 
"o 
o 
V I 
"5) 
c -^ 
^ E 
• • - u 
c ^ ^ 
a . 
• 4 — 
c 
E 
1 — 
1 
' 
' 
0) 
0) 
"O 
u 
0 0 
C N 
C N 
0 0 
M— 
Q) 
CO 
CN 
(D 
o 
C D 
U 
• 
' 
' 
CO 
U 1 
0 
CO 
u 
n 
s o 
X3 
O 
-^  
C N 
D 
o 
( N 
C N 
O 
Ck: 
• 
' 
' 
n 
C N 
C O 
"D 
U 
n 
u 
n 
C N 
n 
C N 
0 0 
C S 
n 
C O 
CD 
O 
• 
• 
' 
o 
o 
a 
o 
a. 
CO 
O 
0 0 
CN 
o 
CO 
D 
O 
CO 
o 
o 
+ 
"c 
o 
U 
1 
o 
o 
o 
•=1-
o 
0 0 
• 
0) 
x: 
C N 
CN 
(5' 
o 
CO 
r: 
o 
<>. 
U 
• 
O 
CO 
1 ^ 
"D 
O 
' 
U 
CN 
TD 
N O 
C N 
u n 
CM 
o 
CO 
0 
o 
, 0 0 
cm 
• 
o 
CM 
CN 
u 
(D 
0 
(D 
u 
0 0 
CM 
o 
CN 
C N 
So 
NO 
0 
1 
o 
CN 
u 
X! 
• D 
u 
o 
CO 
o 
• D 
u 
0 0 
< 3 
u 
o 
0 0 
• D 
o o 
CM 
0 
+ 
o 
' c 
D) 
O 
U 
.C 
5 
m 
' 
• 
6 
M3 
cn 
CO 
12 
MD 
C N 
0 0 
n 
0 0 o 
CO 
CO 
C N 
u 
r i 
1 
' 
' 
u 
"O 
u 
c^ 
CN 
'Q3 
"D 
o 
"O 
0 0 
C N 
UO 
"D 
U 
O 
t - v 
O 
CM 
CM 
a^ 
r j 
' 
' 
"D 
U 
O N 
0) 
U 
O N 
CM 
x: 
NO 
"D 
CO 
"D 
CO 
CN 
C D 
0 
-
' 
' 
u 
n 
CO 
NO 
t o 
o 
CO 
o 
CO 
0 0 
X3 
U 
n 
o 
NO 
JO 
o 
NO 
CO 
u 
o 
NO 
NO 
+ 
o 
.c 
"o 
t o 
o 
x: a 
i n 
u 
o 
O N 
CO 
CO 
CO 
• 
0 
CO 
CO 
E 
o 
CN 
C O 
CO" 
C N 
NO 
CO 
u 
•* 
o 
O N 
C N 
' 
"D 
CO 
O N 
32 
O N 
CM 
en 
O N 
UO 
x: 
o 
U O 
UO 
CO 
o 
C N 
NO 
cn 
•T-
0 
o 
C N 
1 ^ 
| N ^ 
0 
L O 
0 
C N 
5^  
o 
CM 
CO 
o 
UO 
NO 
CO 
CO 
or 
o -
Csi 
0 
r j 
x: 
o 
NO 
CO 
"D 
O 
CN 
UO 
u 
o 
C O 
" 0 
CM 
C N 
x: 
0 0 
UO 
O 
C ) 
o 
CO 
i j o 
+ 
o 
D) <1J 
o B 
' 
P 
o j 
NO 
• * 
U-) 
->* 
CO 
O 
O 
l-N. 
O 
O N 
CM 
o 
O N 
Csi 
L O 
O 
d 
I I 
a 
q 
OO 
i 
a 
E 
3 
S) 
o N l 
.r 
a; 
I I 
t x 
-+— 
o 
D 
I ) () 
n 
- 1 
E 
o 
O 
II 
O 
• ~ 
o 
1 
o 
U 
II 
u 
L D 
O 
o 
11 
D. 
.^_ c (I) 
(1) 
^ TJ 
> 
i 
n 
u 
u— 
r 
0) 
oo 
() L 
(11 
u 
0 
^ I I ) 
0 
b 
f ) 
^ 
n 
ID 
(11 
^ 
o 
o 
1 _ 
h 
D 
o 
( J 
o 
o 
0 
c 
r 
^ 
<l i 
D 
n 
> 
103 
either of them (Table 8). Meloidogyne incognita caused almost similar 
reduction in shoot dry weight to that caused by M. plioseolino. 
Inoculation of Rh/zob/'um and G. foscicuiafum alone and in 
combination to plants with pathogens caused a significant increase in 
shoot dry weight over plants Inoculated with pathogens alone. 
Greatest increase in shoot dry weight was observed when Rhizobi'um 
plus G. fasciculafum were inoculated to plants with pathogens 
(Tables). 
The number of pods per plant was significantly reduced when 
inoculated with M. incognita I M. phaseolina or both (Table 8). 
Inoculation of Rhizobium / G. fasciculatum or both increased number 
of pods per plant in both pathogens inoculated and uninoculated 
plants. The number of nodules per root system was significantly higher 
in Rhizobium inoculated plants compared to uninoculated ones. 
Inoculation of Rliizobiunn with G. fasciculatum further increased the 
root nodulation per root system over plants inoculated with Rhizobium 
alone (Table 8). 
2.B Percent root colonization 
Percent root colonization by G. fasciculatum was reduced in presence 
of pathogens (Table 8). However, root colonization by G. fasciculatum 
was found to be increased in the presence of Rhizobium (Table 8). 
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2.C Effect on galling and nematode multiplication 
The number of galls and nematode multiplication was high when 
M. incognito was inoculated alone (Table 8). In the presence of 
M. phaseolina root gqlling and nematode multiplication was tound to 
be reduced. Inoculation of Rhizobium caused a greater reduction in 
galling and nematode multiplication than caused by G. fasciculatum. 
Combined inoculation of Rhizobium plus G. fasciculafum caused a 
greater reduction in galling and nematode multiplication than caused 
by either of them (Table 8). 
2.D Root-rot indices 
Root-rot indices were 3 and 5 when M. plioseoiina was inoculated 
alone and together with M. incognita respectively (Table 8). Index was 
reduced to 2 when M. pliaseolina inoculated plants were treated with 
Rliizobium or G. fasciculafum. Index was found 4 when M. pinaseolino 
plus M. incognita inoculated plants were treated with Rhizobium or G. 
fasciculafum. Indices were reduced to 1 and 2 when M. phaseolina 
and M. phaseolina plus M. incognita inoculated'plants were treated 
with Rhizobium plus G. fasciculafum respectively (Table 8). 
2.E Effect on ctilorophyil, N, P and K concentrations 
Inoculation of Rhizobium and G. fasciculafum alone and in 
combination caused a significant increase in chlorophyll (Table 9). 
Inoculation of Rhizobium alone caused an increase in nitrogen 
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Table 9. Effect of G. fasciculatum, and Rhizobium sp. on total ctiloroptiyll (Ctil.), 
nitrogen (N), phosphorus (P) and potassium (K) concentrations in M. 
incognita (Ml) and M. phaseolina (MP) inoculated and uninoculated 
chickpea plants 
Treatments 
Control 
M. incognito 
M. phesolino 
M. incognita 
+ 
M. phesolino 
C 
R 
Gf 
R + Gf 
C 
R 
Gf 
R + Gf 
C 
R 
Gf 
R + Gf 
C 
R 
Gf 
R + Gf 
L.S.D. p = 0.05 
Chi. (mg/g) 
fresh weight 
2.441 i 
2.952cd 
2.909de 
3.265a 
2.138k 
2.816fg 
2.722h 
3.015c 
2.286J 
2.872ef 
2.800g 
3.110b 
1.6321 
2.465i 
2.168k 
2.670h 
0.068 
N (mg/g) 
dry weight 
3.69bcd 
3.94a 
3.84ab 
3.98a 
3.07g 
3.62cde 
3.58de 
3.70bcd 
3.24f 
3.70bcd 
3.60cde 
3.75bc 
2.80h 
3.15f 
3.48e 
3.24f 
0.16 
P (mg/g) 
dry weight 
0.320de 
0.334d 
0.398ab 
0.405a 
0.284g 
0.302ef 
0.367c 
0.374c 
0.294fg 
0.31 Oe 
0.376c 
0.382bc 
0.245i 
0.264h 
0.306ef 
0.317de 
0.018 
K (mg/g) 
dry weight 
1.78e 
1.79de 
1.94ab 
1.97a 
1.43h 
1.61fg 
1.80de 
1.85cd 
1.46h 
1.64f 
1.84cde 
1.90bc 
1.28i 
1.47h 
1.60g 
1.67f 
0.06 
C = Control; Gf = Glomus fasciculotum: R = Rhizobium sp. 
Values within each colunnn followed by same letter ore not significantly different (p=0.05) 
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concentration wtiile inoculation of G. fasciculofum caused an increase 
in phospinorus and potassium concentrations. Moreover, combined 
inoculation of Rhizobium plus G. fosciculafum caused a significant 
increase in nitrogen, phosphiorus and potassium,concentrations over 
uninoculated controls. Rh;zob;um caused almost a similar increase in 
chilorophiyll and nitrogen concentration to that caused by G. 
fosciculafum but increase in ptiosphiorus and potassium concentrations 
was less thian caused by G. fasciculofum. Inoculation of Rfiizobium plus 
G. fosciculafum caused a greater increase in chlorophyll, nitrogen, 
phosphorus and potassium concentrations than that caused by either 
of them (Table?). 
Inoculation of M. incognifa I /vi. phaseolina or both caused a 
significant reduction in chlorophyll, nitrogen, phosphorus and 
potassium concentrations over uninoculated controls but the 
reductions in chlorophyll, nitrogen, phosphorus and potassium 
concentrations was greater when both the pathogens were 
inoculated together compared to inoculation with either of them 
(Table 9). Meloidogyne incognifa caused almost similar reductions in 
phosphorus and potassium concentrations to that caused by M. 
phaseolino but reductions in chlorophyll and nitrogen concentration 
107 
by M. incognita were greater than caused by M. pliaseolina. 
Inoculation of Rhizobiunn and G. fasciculofum alone and in 
combination together with pathogens caused a significant increase in 
chlorophyll, nitrogen, phosphorus and potassium concentrations over 
plants inoculated with pathogens alone. Greatest increase in 
chlorophyll, nitrogen, phosphorus and potassium concentrations was 
observed when Rh/zoblum plus G. fosciculofum were inoculated with 
pathogens compared to plants only with pathogens (Table 9). 
Experiment 3. Effect of Glomus intraradices, Aspergillus awamori and 
Bacillus sp. (B22) on ttie growtt), ctiloroptiyll, nitrogen, phosphorus 
and potassium concentrations and on the root-rot disease complex 
of chicl<pea 
3.A Effect on shoot dry weight 
Inoculation of G. intraradices, A. awamori and Bacilius sp. (B22) alone 
and in combination to plants without pathogens caused a significant 
increase in shoot dry weight over uninoculated controls (Table 10). 
Inoculation of A. awannori to plant without pathogens caused a 
greater increase in shoot dry weight compared to cause by B22. 
However, increase in shoot dry weight caused by G. intraradices was 
similar to that of B22. Inoculation of G. intraradices with A. awamori plus 
B22 caused a greater increase in shoot dry weight compared to 
inoculation of G. intraradices plus A. awamori / G. intraradices plus B22. 
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However, use of A. awamori with B22 to plant without pathogen 
caused a similar increase in shoot dry weight to that caused by 
inoculation of G. intraradices plus A awamori plus B22 (Table 10). 
Inoculation of M. incognita and M. pliaseolina alone and in 
connbination caused a significant reduction in shoot dry weight over 
uninoculated controls (Table 10). Reduction in shoot dry weight was 
greater when M. incognita and M. ptiaseoiina were inoculated 
together than the inoculation of either of them. Meloidogyne incognita 
caused a similar reduction in shoot dry weight compared to that 
caused by A/I. phaseolina. Inoculation of G. intraradices, A. awamori 
and B22 alone and in combination caused a significant increase in 
shoot dry weight of pathogen inoculated plant. Combined inoculation 
of G. intraradices with A. awamori plus B22 to pathogen inoculated 
plant caused a greater increase in shoot dry weight than caused by 
inoculation of G. /ntrarad/ces plus A. awamori or G. intraradices plus 
B22. However, inoculation of A. awamori with B22 caused a similar 
increase in shoot dry weight that was caused by inoculation of G. 
intraradices plus B22 along with A. awamori (Table 10). 
Inoculation of G. intraradices, A. awamori and B22 alone and in 
combination caused a significant increase in number of pods per plant 
both in pathogen inoculated and uninoculated ones (Table 10). 
Number of pods per plant was significantly reduced when inoculated 
10 
with M. incognita I M. phaseolina or with both. Modulation was very 
poor in plants either inoculated with pathogens or with G. intraradices, 
A. awamori and B22 (Table 10). 
3.B Percent root colonization 
Root colonization by G. infrorodices was high when inoculated alone 
(Table 10). In the presence of A. awamori and B22 root colonization by 
AM fungus was found to be increased while inoculation of pathogens 
reduced root colonization by AM fungus (Table 10). 
3.C Effect on galling and nematode multiplication 
Number of galls per root system and nematode multiplication was high 
when M. incognita was inoculated alone (Table 10). Root galling and 
nematode multiplication was found to be reduced in presence of M. 
ptiaseolina. Inoculation of A. awamori caused higher reduction in 
galling and nematode multiplication followed by G. intraradices and 
B22. Combined inoculation of G. intraradices plus A. awamori and B22 
caused a higher reduction in galling and nematode multiplication than 
caused by A. awamori plus B22 / G. intraradices plus A. awamori or G. 
intraradices plus B22 (Table 10). 
3.D Root-rot indices 
Root-rot indices were 3 and 5 when A/l. pt)aseolina was inoculated 
alone and together with M. incognita respectively (Table 10). Index 
11 
was reduced to 3 when A/I. incognita plus M. plioseolina inoculated 
plants were treated with A. awomori / G. intraradices or B22. Index was 
found 2 when M. pliaseolina inoculated plants were treated with A. 
owamori I G. intraradices or B22 or M. incognita plus M. ptiaseolina 
inoculated plants were treated with G. intraradices plus A. awamori I 
G. intraradices plus B22. In other treatments index was reduced to 1 
(Table 10). 
3.E Effect on chlorophyll, N, P and K concentrations 
Inoculation of G. /ntraradices, A. awamori and B22 alone and in 
combination to plant without pathogens caused a significant increase 
in chlorophyll, nitrogen, phosphorus and potassium concentrations 
over uninoculated controls (Table 11). Inoculation of A. awamori to 
plants with out pathogens caused a greater increase in chlorophyll, 
nitrogen, phosphorus and potassium concentrations to that caused by 
B22. However, increase in chlorophyll, nitrogen, phosphorus and 
potassium concentrations caused by G. intraradices was similar to that 
caused by A. awamori. Combined inoculation of G. intraradices with 
A. awamori and B22 caused a greater increase in chlorophyll, nitrogen 
and potassium concentrations than caused by G. intraradices plus A. 
awamori or G. intraradices plus B22. However, inoculation of A. 
awamori plus G. intraradices caused a similar increase phosphorus 
concentration that was caused by G. intraradices with A. awamori plus 
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Table 11. Effect of G. intraradices. A. awamori and Bacillus sp. (B22) on total 
ctiiorophylj (Chi.), nitrogen (N), ptiosptiorus (P) and potasslunn (K) 
concentrations in M. incognita (Ml) and M. phaseolina (MP) 
inoculated and uninoculated ctiickpea plants 
Treatments 
Control 
M. incognita 
M. phaseolina 
M. incognita 
+ 
M. ptiaseolina 
C 
Gi 
A 
B 
Gi +A 
Gi + B 
A + B 
Gi + A + B 
C 
Gi 
A 
B 
Gi +A 
Gi + B 
A + B 
Gi + A + B 
C 
Gi 
A 
B 
Gi +A 
Gi + B 
A + B 
Gi + A + B 
C 
Gi 
A 
B 
Gi + A 
Gi + B 
A + B 
Gi + A + B 
L.S.D. p = 0.05 
Chi. (mg/g) 
fresh weight 
2.334ij 
2.487def 
2.512d 
2.414gh 
2.579bc 
2.503de 
2.641b 
2.797a 
2.112mn 
2.278il< 
2.384hi 
2.1621m' 
•2.489def 
2.372hi 
2.506de 
'2.512d 
2.1831 
2.372hi 
2.414gh 
2.247k 
2.51 7cd 
2.447efg 
2.528cd 
2.611b , 
1.5881 
1.727rs 
1.769r . 
1.668s 
1.903p 
1.812q 
1.9640P 
2.026no 
0.062 
N (mg/g) 
dry weight 
3.36ijkl 
3.54defg 
3.63cde 
3.49fgh 
3.68bc 
3.65bcd 
3.76ab 
3.88a 
2.81r 
3.21 mn 
3.281m 
2.94pq 
3.43ghijk 
3.31 kim 
3.46ghij 
3.52efg 
3.01op 
3.281m 
3.34ikl 
3.15n 
3.47fghi 
3.39hijkl 
3.52efg 
3.59cdef 
2.42U 
2.64st 
2.74rs 
2.55t 
2.84qr 
2.79r 
2.95pq 
3.12no 
0.12 
P (mg/g) 
dry weight 
0.322ghi 
0.350de 
0.358cd 
0.346ef 
0.376ab 
0.362c 
0.366bc 
0.382a 
0.272pq 
0.300lmn 
0,316jk 
0.289no 
0.336fgh 
0.320jk 
0.326hij 
0.342efg 
0.284O 
O.SlOkl 
0.322ij 
0.302lm 
0.340efg 
0.326hij 
0.322ghi 
0;344ef 
0.238t 
0.256rs 
0:262qr 
0.250s 
0.282op 
0.272pq 
0.278OP 
0.298mn 
0.011 
K (mg/g) 
dry weight 
1.66ghi 
1.75de 
1.77cd 
1.73def 
1.84b 
1.82bc 
1.88ab 
1.92a 
1.38qr 
1.52mn 
1.58jklm 
1,45op 
1.64gliij 
1.59jkl 
1.68fgh 
1.73def 
1.44opq 
1.56klmn 
1.61ijk 
1.53lmn 
1.66ghi 
1.62hijk 
J^69efg_ 
1.75de 
1.21U 
1.30sl 
1.36rs 
1.28t 
1.43pq 
1.39pqr 
1.45op 
1.50no 
0.06 
C = Control; Gi = Glonnus intraradices; A = Asp 
Values within each column followed by same 
ergillus awannori; B =Bacillus sp. (B22) 
letter are not significantly different (p=0.05) 
B22. Inoculation of A. awamori with B22 to plants without pathogens 
caused a similar increase in nitrogen and potassium concentrations 
that was caused by inoculation of G. introradices with A. awamori plus 
B22 (Table 11). 
Inoculation of A/l. incognita and M. pliaseolina alone and in 
combination caused a significant reduction in chlorophyll, nitrogen, 
phosphorus and potassium concentrations over uninoculated controls 
(Table 11). Reductions in chlorophyll, nitrogen, phosphorus and 
potassium concentrations were greater when A/l. incognita and M. 
pliaseolina were inoculated together than the inoculation of either of 
them. Meloidogyne incognita caused a similar reduction in phosphorus 
and potassium concentrations to that caused by M. pt)aseolina. 
Inoculation of A. awannori to plants inoculated with pathogens caused 
a greater increase in chlorophyll, nitrogen, phosphorus and potassium 
concentrations than caused by B22. However, increase in chlorophyll, 
nitrogen, phosphorus and potassium concentrations caused by G. 
introradices was similar to that caused by A. awamori. Combined 
inoculation of G. introradices with A. awamori and B22 caused a 
greater increase in chlorophyll, nitrogen, phosphorus and potassium 
concentrations than caused by G. introradices plus B22. However, use 
of B22 with A. awamori caused a similar increase in chlorophyll, 
nitrogen and potassium concentrations of pathogens inoculated 
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plants to that caused by combined inoculation of G. introradices with 
A. awamori and B22 (Table 11). 
Experiment 4. Effect of Aspergillus awamori, Pseudomonas 
aeruginosa (Pa28) and Glomus introradices on the growth, 
chlorophyll, nitrogen, phosphorus and potassium concentrations 
and on the root-rot disease complex of chickpea 
4.A Effect on shoot dry weight 
Inoculation of plants with A. owomori, P. aeruginosa and G. 
intraradices alone and in combination without the pathogens 
significantly increased shoot dry weight compared to uninoculated 
controls (Table 12). Pseudomonas aeruginosa increased shoot dry 
weight more than G. introradices. Increase in shoot dry weight with A. 
awamori or P. aeruginosa was similar. Combined inoculation with G. 
introradices plus A. awamori and P. aeruginosa increased shoot dry 
weight more than G. intraradices plus P. aeruginosa or G. /nfraradices 
plus A. awamori although A. awamori with P. aeruginosa in the 
absence of pathogens caused a similar increase in shoot dry weight to 
that caused by combined inoculations of G. intraradices with A. 
awamori and P. aeruginosa (Table 12). 
Inoculation with M. incognita and M. ptiaseolina alone or in 
combination significantly reduced shoot dry weight compared to 
untreated controls (Table 12). Shoot dry weight reduction was greater 
when M. incognita and M. ptiaseolina were inoculated together than 
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when plants were inoculated with either of them alone. Meloidogyne 
incognita reduced the shoot dry weight to the same extent as M. 
phaseoiina (Table 12). Inoculation with G. infrarodices, A. awamori and 
P. aeruginosa significantly increased the shoot dry weight of pathogen 
inoculated plants. Inoculation with P. aeruginosa increased shoot dry 
weight of M. phaseoiina inoculated plants more than plants inoculated 
with G. intraradices or A. awamori. 
Combined inoculation of G. intraradices, A. awamori and P. 
aeruginosa to plants with the pathogens increased shoot dry weight 
more than by G. intraradices with P. aeruginosa or G. intraradices with 
A. awamori; however, inoculation with G. intraradices plus A. awamori 
increased shoot dry weight to the same level as with combined 
inoculation of G. intraradices with P. aeruginosa plus A. awamori 
(Table 12). 
Inoculation with G. intraradices, A. awamori and P. aerug/nosa alone 
and in combination significantly increased the number of pods per 
plant both in pathogen inoculated and uninoculated ones (Table 12). 
The numbers of pods per plant was reduced when plants were 
inoculated with M. incognita, M. phaseoiina or both together. 
Modulation was very poor in plants inoculated with either pathogen 
alone or with G. intraradices, A. awamori and P. aeruginosa (Table 12). 
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4.B Percent root colonization 
The pathogens had adverse effects on root colonization by 
G. intrarodices (Table 12). However, root colonization by AM fungus 
was increased when coinoculated with P. aeruginosa and A. awamori 
both in the presence or absence of pathogens (Table 12). 
4.C Effect on galling and nematode multiplication 
The number of galls per root system and nematode multiplication was 
reduced in presence of M. phaseolina (Table 12). Inoculation with P. 
aeruginosa reduced galling and nematode multiplication the most, 
followed by the A. awamori and G. infraradices treatments. Combined 
inoculation with G. infraradices and A. awamori plus P. aeruginosa 
reduced galling and nematode multiplication the most, followed by A. 
awamori plus P. aeruginosa or G. infraradices plus P. aeruginosa or G. 
infraradices plus A. awamori (Table 12). 
4.D Root-rot indices 
Root-rot indices were 3 and 5 when M. phaseolina was inoculated 
alone and together with M. incognifa (Table 12). Index was reduced to 
3 when M. incognifa and A/I. pfiaseolina inoculated plants were also 
treated with A. awamori or G. infraradices or P. aeruginosa. Index 
dropped to 2 when M. pfiaseolina inoculated plants were treated with 
A. awamori or G. infraradices or P. aeruginosa or when M. incognifa 
plus M. pliaseolina inoculated plants were treated with G. infraradices 
. . . . . ^ 
plus A. owamori or G. intraradices plus P. aeruginosa. In other 
treatments index was reduced to 1 (Table 12). 
4.E Effect on chlorophyll, N, P and K concentrations 
Inoculation of plants with A. awamori, P. aeruginosa and G. 
intraradices alone and in combination without the pathogens caused 
significantly increases in chlorophyll, nitrogen, phosphorus and 
potassium concentrations over uninoculated plants (Table 13). 
Pseudomonos aeruginosa inoculated plants without pathogens had 
more chlorophyll, nitrogen, phosphorus and potassium than plants 
inoculated with G. intraradices. The increase in chlorophyll, nitrogen, 
phosphorus and potassium in plants inoculated with A. awamori were 
similar to those caused by P. aeruginosa. Combined inoculation of 
plants with G. intraradices along with A. awamori plus P. aeruginosa 
increased chlorophyll, nitrogen and potassium more than inoculation 
with G. intraradices plus P. aeruginosa or G. intraradices plus A. 
awamori. Aspergillus awamori with P. aeruginosa inoculated plants in 
the absence of pathogens caused a similar increase in chlorophyll, 
nitrogen, and potassium as that caused by inoculation with G. 
intraradices plus A. awamori along with P. aeruginosa. Increased 
phosphorus in G. intraradices plus A. awamori inoculated plants was 
similar without pathogens to that with G. intraradices plus A. awamori 
and P. aeruginosa (Table 13). 
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Table 13. Effect of G. infraradices, A. awamori and Pseudomonos aeruginosa 
(Pa28) on total ctiloroptiyll (Ctil.), nitrogen (N), ptiosphorus (P) and 
potassium (K) concentrations in M. incognita (Ml) and M. phaseolina 
(MP) inoculated and uninoculated ctilckpea plants 
Treatments 
Control 
M. incognito 
M. pliaseolina 
M. incognita 
+ 
M. phaseolina 
C 
C\ 
A 
P 
Gi +A 
Gi + P 
A + P 
Gi + A + P 
C 
Gi 
A 
P 
Gi + A 
Gi + P 
A + P 
Gi + A + P 
C 
Gi 
A 
P 
Gi +A 
Gi + P 
A + P 
Gi + A + P 
C 
Gi 
A 
P 
Gi + A 
Gi + P 
A + P 
Gi +A + P 
L.S.D. p = 0.05 
Chi. (mg/g) 
fresh weight 
2.389l<l 
2.482ii 
2.512hij 
2.587fgh 
2.718cd 
2.794bc 
2.868ab 
2.943a 
2.139n 
2.284m 
2.376k|-. 
2.452jk 
2.531 hi 
2.558ghi 
2.560gh 
2.62 lefg 
2.292m 
2.3721 
2.454J 
2.482ij 
2.567fgh 
2.587fgh 
2.637def 
2.681 de 
1.596t 
1.698s 
1.773rs 
1.806r 
1.884q 
1.958pq 
2.003OP 
2,077no 
0.076 
N (mg/g) 
dry weight 
3.41ijk 
3.58efg 
3.62defg 
3.66de 
3.72cd 
3.80bc 
3.86ab 
3.94a 
2.86qr 
3.15mno 
3.28klm 
3.35jkl 
3.44hij 
3.49ghi 
3.52fghi 
3.58efg 
3.09nop 
3.261m 
3.39ijkl 
3.43hij 
3.55efgh 
3.60defg 
3.65def 
3.72cd 
2.46t 
2.63s 
'2.75rs 
2.80r 
2.96pq 
3.04OP 
3.15mno 
3.20mn 
0.13 
p (mg/g) 
dry weight 
0.338ghij 
0.351 ef 
0.358de 
0.364cd 
0.383ab 
0.374bc 
0.368cd 
0.390a 
0.2711 
0.306no 
0'.318lmn 
0.323klm 
0.337ghij 
0-.332hijk 
0.328jkl 
0.343fgh 
0.292pq 
0.313mno 
0.324klm 
0.328ikl 
0.341fghi 
0.337ghij 
0.330ijkl 
0.348efg 
0.253U 
0-.268t 
0.274st 
0.281 rs 
0.302qp^ 
0.292pq 
0.288qr 
0.306no 
0.012 
K (mg/g) 
dry weight 
1.67ijk 
1.75fgh 
1.79def 
1.83cde 
1.85cd 
1.88bc 
1.93ab 
1.96a 
1.39pqr 
1.52mn 
1.571m 
1.62klm 
1.66jk 
1.69ghiik 
1.74fghi 
1.76efg 
1.46nop 
1.571m 
1.62kl 
1.65jk 
1.68hijk 
1.72fghij 
1.76efg 
].79def 
1.21t 
1.29s 
1.33rs 
1.38qr 
1.43opq 
1.48no 
1.51mn 
1.561m 
0.07 
C = Control; Gi = Glomus intraradices: A = Aspergillus awamori; P = P. aeruginosa (Pa28) 
Values within each column followed by same letter are not significantly different (p = 0.05) 
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Inoculation of plants with A .^ incognita and M. pliaseolina alone and in 
combination significantly reduced ctilorophyll, nitrogen, phosphorus 
and potassium compared with the uninoculated controls (Table 13). 
The reduction in chlorophyll, nitrogen, phosphorus and potassium 
concentrations was greater when M. pliaseolina and M. incognita 
were inoculated together than with either of them alone. Me/oidogyne 
incognita caused a reduction in phosphorus and potassium similar to 
that caused by A .^ ptiaseolina. Inoculation of plants with P. aeruginosa 
in the presence of pathogens increased chlorophyll, nitrogen, 
phosphorus and potassium more than inoculation with A. awamori or 
G. introradices: however, the increased chlorophyll, nitrogen, 
phosphorus and potassium caused by A. awamori alone was similar to 
that caused by G. introradices. Combined inoculation with G. 
introradices, A. awamori and P. aeruginosa increased chlorophyll, 
nitrogen, phosphorus and potassium more than the increase by G. 
introradices plus P. aeruginosa or G. infrarad/ces plus A. awamori. 
However, inoculation with P. aeruginosa and A. awamori to plants with 
pathogens caused a similar increase in chlorophyll, nitrogen, 
phosphorus and potassium to that caused by inoculation with the 
combination of G. introradices, A. awamori and P. aeruginosa 
(Table 13). 
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Experiment 5. Effect of Glomus intraradices, Pseudomonas puf/da 
and Paenibacillus polymyxa on the growtti, chloroptiyll, nitrogen, 
phosphorus and potassium concentrations and on the root-rot 
disease complex of chickpea 
5.A Effect on shoot dry weight 
Inoculation of plants with G. infrarodices, P. putido and P. polymyxo 
alone and in connbination without pathogens significantly increased 
shoot dry weight compared with uninoculated controls (Table 14). 
Pseudomonas pufida increased shoot dry weight more than P. 
polymyxa. However, increase in shoot dry weight with G. intraradices 
was similar to that caused by P. polymyxa. Combined inoculation of 
plants with G. intraradices plus P. putida plus P. polymyxa increased 
shoot dry weight more than with G. intraradices plus P. polymyxo or P. 
putida plus P. polymyxa. However, inoculation of plants without 
pathogens with G. intraradices plus P. putida increased shoot dry 
weight by a similar amount to combined inoculations of G. intraradices 
plus P. putida plus P. polymyxa (Table 14). 
inoculation of plants with M. incognita and M. phaseolina alone and in 
combination caused a significant reduction of shoot dry weight 
compared to untreated controls (Table 14). Inoculation with M. 
incognita and M. phaseolina together caused a greater reduction in 
shoot dry weight than inoculation with either of them alone. 
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Meloidogyne incognita caused a similar reduction in shoot dry weight 
to that caused by M. pliaseolino. Inoculation of plants with 
G. infraradices, P. pufido and P. polymyxo alone and in combination 
significantly increased shoot dry weight of pathogen inoculated plants. 
Inoculation of plants with P. pufido increased shoot dry weight of 
pathogen inoculated plants by more than inoculation with 
G. infraradices or P. polymyxo. Combined inoculation of plants with G. 
infraradices plus P. pufido plus P. polymyxa, along with pathogens, 
caused a greater increase in shoot dry weight than by G. infraradices 
plus P. polymyxa or P. pufido plus P. polymyxa. However, inoculation of 
plants with G. infraradices plus P. pufido increased shoot dry weight 
by a similar amount to combined inoculation with G. infraradices plus 
P. pufido plus P. polymyxa (Table 14). 
Inoculation of plant with G. infraradices, P. pufido and P. po//m/xa 
alone and in combination significantly increased the number of pods 
per plant; both in pathogen inoculated and uninoculated plants 
(Table 14). The numbers of pods per plant were reduced when 
inoculated with A^ . incognifa or M. ptiaseolina or with both. Modulation 
was very poor in all the plants inoculated with pathogens or with G. 
infraradices, P. pufido and P. polymyxa (Table 14). 
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5.B Percent root colonization 
Root colonization by G. infraradices was liigti winen inoculated alone. 
In the presence of P. putida and P. polymyxo, root colonization by the 
AM fungus was found to be increased while inoculation of pathogens 
reduced root colonization by AM fungus (Table 14). 
5.C Effect on galling and nematode multiplication 
The number of galls per root system and nematode multiplication was 
found to be reduced in the presence of M. phoseolina (Table 14). 
Inoculation of plants with P. pufido caused greater reduction in galling 
and nematode multiplication than P. polymyxa and G. infrarodices. 
Combined inoculation of plants with G. infraradices plus P. putida plus 
P. poiymyxa caused greater reduction in galling and nematode 
multiplication than G. infraradices plus P. putida, P. putida plus P. 
polymyxa or G. infraradices plus P. polymyxa (Table 14). 
5.D Root-rot indices 
Root-rot indices were 3 and 5 when M. phaseolina was inoculated 
alone and together with M. incognita respectively (Table 14). Index 
was reduced to 3 when M. incognita and A/I. ptiaseolina inoculated 
plants were treated with P. putida, G. infraradices or P. polymyxa. 
Index was found to be 2 when M. ptiaseolina inoculated plants were 
treated with P. putida: G. infraradices or P. polymyxa. The index was 
also found to be 2 when M. incognita plus M. ptiaseolina inoculated 
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plants were treated with G. infroradices plus P. polymyxa, P. pufida plus 
P. polymyxa or G. infrarodices plus P. pufida. In other treatments, index 
was reduced to 1 (Table 14). 
5.E Effect on chlorophyll, N, P and K concentrations 
Inoculations of plant with P. putida, P. polymyxa and G. infroradices 
alone and in combination in the absence of pathogens caused o 
significant increase in chlorophyll, nitrogen, phosphorus and potassium 
concentrations over uninoculated controls (Table 15). Inoculation of 
plant without pathogens with P. pufida increased chlorophyll, nitrogen 
and potassium concentrations more than inoculation with P. polymyxa. 
However, an increase in phosphorus concentration by P. pufida was 
similar to that caused by G. infroradices. Moreover, increase in 
chlorophyll, nitrogen and potassium concentrations caused by G. 
infroradices was similar to P. polymyxa. Combined inoculations of G. 
infroradices plus P. pufida plus P. polymyxa caused increases in 
chlorophyll, nitrogen, phosphorus and potassium concentrations that 
were greater than the increases caused by P. pufida plus P. polymyxo 
or G. infroradices plus P. polymyxo. However, the inoculation of plants 
without pathogens using G. infroradices plus P. pufida caused similar 
increase in chlorophyll, nitrogen, phosphorus and potassium 
concentrations that caused by inoculation of G. infrarodices plus P. 
pufida plus P. po//m/xa (Table 15). 
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Table 15. Effect of G. intraradices, P. putida and Paenibacillus polymyxa on total 
ctiloroptiyll (Chi.), nitrogen (N), ptiosphorus (P) and potassium (K) 
concentrations in M. incognita {hAl) and M. pliaseolina (MP) inoculated and 
uninoculated ctiickpea plants 
Treatments 
Control 
M. incognita 
M. phaseolina 
M. Incognita 
+ 
M. ptiaseo/ina 
C 
Gi 
Pp 
Pb 
Gi + Pp 
Gi + Pb 
Pp + Pb 
Gi + Pp + Pb 
C 
Gi 
Pp 
Pb 
Gi + Pp 
Gi + Pb 
Pp + Pb 
Gi + Pp + Pb ' 
C 
Gi 
Pp 
Pb 
Gi + Pp 
Gi + Pb 
Pp + Pb 
Gi + Pp + Pb 
C 
Gi 
Pp 
Pb 
Gi + Pp 
Gi + Pb 
Pp + Pb 
Gi + Pp + Pb 
L.S.D.p = 0.05 
Chi. (mg/g) 
fresh weight 
2.4021m 
2.518ii 
2.614gh 
2.492il< 
2.892ab 
2.776cd 
2.856bc 
3.974a 
2.142P 
2.298no 
2.468jkl 
2.2520 
2.642fgti 
2.584hi 
2.6]6h\ 
2.724def 
2.218o 
2.428l<lm 
2.514ii 
2.382nnn 
2.682efg 
2.598ghi 
2.648fgti 
2.746cle 
1.608u 
1.736t • 
1.824s •• 
1.710t 
2.076pq 
1.912r 
1.996qr 
2,132p 
0.084 
N (mg/g) 
dry weight 
3.40hijk 
3.58defg 
3.72cd 
3.55efg 
3.88ab 
3.75bc 
3.83b 
3.98a 
2.88qr 
3.16nop 
3.34jl<lm 
3.02pq 
3.54efgti 
3.38ijkl 
3.52fghi 
3.60defg 
3.10op 
3.30l<lmn 
3.46ghij 
3.25lmn 
3.68cde 
3.57efg 
3.63cdef 
3.72cd 
2.48t 
2.68s 
2.84r 
2.64s 
3.19no 
2.86r 
3.04p 
3.23mno 
0.14 
P (mg/g) 
dry weight 
0.338hij 
0.366de 
0.356ef 
0.352tg 
0.388ab 
0.374cd 
0.380bc 
0.394a 
0.276qr 
.0.326il< 
•0.306lmn 
0.298mno 
0.334ij 
0.328jl< 
0.332ii 
0.348fgh 
0.289opq 
0.330ij 
0.31 6I<I 
0.3081m 
0.348fgh 
0.336hii 
0.343fghi 
0.352fg 
0.251s 
:0.284pq 
0.270r 
0.267r 
0.294nop 
0.288opq 
0.291OP 
0.3101m 
0.013 
K (mg/g) 
dry weight 
1.67ij 
1.79def 
1.85cde 
1.76fgh 
1.95ab 
1.86cd 
1.88bc 
1.98a 
1.41pqr 
1.54lmn 
1.65iik 
1.52lmno 
1.77efg 
1.68hi 
1.70ghi 
1.79det 
1.47nopq 
1.59ikl 
1.66ii 
1.57klm 
1.79def 
1.70ghi 
,1.73fghi 
1.83cde 
1.21t 
1.33r 
1.39qr 
1.30s 
1.52lmno 
1.44opq 
1.49mnop 
1.59ikl 
0.08 
C = Control; Gi = Glomus intraradices ; Pp = Pseudomonas putida: Pb = Paenibacillus polymyxa. 
Values within each column followed by same letter are not significantly different (p = 0.05) 
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Inoculation of M. incognita and M. pliaseolina alone and in 
combination caused a significant reduction in chilorophiyll, nitrogen, 
phosphorus and potassium concentrations compared with the 
uninoculated controls (Table 15). Reduction in chlorophyll, nitrogen, 
phosphorus and potassium concentrations was greater when M. 
incognifo and M. phaseolina were inoculated together than when 
they were used individually. Me/oidogyne incognita caused a similar 
reduction in phosphorus and potassium concentrations to that caused 
by M. phaseolina. Inoculation of plants with P. putido in the presence 
of pathogens caused a greater increase in chlorophyll, nitrogen and 
potassium concentrations than caused by G. infraradices or P. 
polymyxa. However, the increase in phosphorus concentrations 
caused by G. infraradices was greater than caused by P. pufida. An 
increase in chlorophyll, nitrogen and potassium concentrations caused 
by G. infraradices was similar to that caused by P. polymyxa. 
Combined inoculations of G. infraradices with P. pufida plus P. 
polymyxa caused a greater increase in chlorophyll, nitrogen, 
phosphorus and potassium concentrations than that caused by P. 
pufida plus P. polymyxa or G. infraradices plus P. polymyxa. However, 
inoculations of plants with G. infraradices plus P. pufida in the presence 
of pathogens caused a similar increase in chlorophyll, nitrogen, 
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phosphorus and potassium concentrations to that caused by 
inoculation of G. infrarodices plus P. pufido plus P. polymyxo (Table 15). 
Experiment 6. Effect of Glomus Intraradices, Pseudomonas 
aical/genes and Bacillus pumilus on the growth, chlorophyll, 
nitrogen, phosphorus end potassium concentrations and root-rot 
disease complex of chickpea 
6.A Effect on shoot dry weight 
Inoculation of plants without pathogens with P. ol'coligenes, B. pumilus 
and G. Infroradices alone and in connbination caused a significant 
increase in shoot dry weight over uninoculated controls (Table 16). 
Inoculation of P. olcoligenes to plants without pathogens caused a 
greater increase in shoot dry weight compared to cause by 6. pumilus. 
However, increase in shoot dry weight caused by G. intraradices was 
similar to that of B. pumilus. Combined inoculation of G. intraradices 
with P. alcaligenes plus 6. pumilus caused a greater increase in shoot 
dry weight to that caused by P. alca/igenes plus B. pumilus or G. 
intraradices plus B. pumilus. However, use of G. intraradices plus P. 
alcaligenes to plants without pathogens caused a similar increase in 
shoot dry weight that was caused by inoculation of G. intraradices with 
P. alcaligenes plus B. pumilus (Table 16). 
Inoculation of M. incognita and M. phaseo/ina alone and in 
combination caused a significant reduction in shoot dry weight over 
uninoculated controls (Table. 16). Reduction in shoot dry weight was 
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greater when M. incognita and M. pliaseolino were inoculated 
together than the inoculation of either of them. Meloidogyne incognito 
caused similar reduction in shoot dry weight that was caused by M. 
ptiaseolina. Inoculation of G. intraradices, P. alcoligenes and B. pumiius 
alone and in combination caused a significant increase in shoot dry 
weight of pathogen inoculated plants. Inoculation of P. alcoligenes 
caused a greater increase in shoot dry weight of pathogens 
inoculated plant that was caused by G. intraradices or 6. pumiius. 
Combined inoculation of G.\ intraradices with P'. alcoligenes plus 6. 
pumiius to pathogen inoculated plant caused a greater increase in 
shoot dry weight than caused by inoculation of P. alcoligenes plus 6. 
pumiius or G. intraradices plus 6. pumiius. However, inoculation of G. 
intraradices with P. alcoligenes caused a similar increase in shoot dry 
weight that was caused by inoculation of G. intraradices with P. 
alcoligenes plus 6. pumiius (Table 16). 
Inoculation of G. intraradices, P. alcoligenes and 6. pumiius alone and 
in combination caused a significant increase in number of pods per 
plant both in pathogen inoculated and uninoculated ones (Table 16). 
Number of pods per plant was reduced when inoculated with M. 
incognito / M. phaseolina or with both. Modulation was very poor in 
plants either inoculated with pathogens or with G. intraradices, P. 
alcoligenes and 6. pumiius (Table 16). No significant difference in 
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nodulation was observed in plants inoculated with biocontrol agents 
and pathogens (Table 16). 
6.B Percent root colonization 
Root colonization by G. infraradices was high when inoculated alone 
(Table 16). In the presence of P. alcaligenes and 6. pumiius root 
colonization by AM fungus was found to be increased while inoculation 
of pathogens reduced root colonization by AM fungus (Table 16). 
6.C Effect on galling and nematode multiplication 
Number of galls per root systenn and nematode multiplication was high 
when M. incognito was inoculated alone (Table 16). Root galling and 
nematode multiplication was-found to be reduced in presence of M. 
phoseolino. Inoculation of P. olcoligenes caused higher reduction in 
galling and nematode multiplication followed by G. infrorodices and 6. 
pumiius. Combined inoculation of G. infrorodices plus P. olcoligenes 
and B. pumiius caused a highest reduction in galling and nematode 
multiplication than caused by P. olcoligenes plus B. pumiius or G. 
infrorodices plus B. pumiius or G. infrorodices plus P. olcoligenes 
(Table 16). 
6.D Root-rot indices 
Root-rot indices were 3 and 5 when M. phoseolino was inoculated 
alone and together with M. incognifo respectively (Table 16). Index 
was reduced to 3 when M. incognifo plus M. pfioseolino inoculated 
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plants were treated with P. alcaligenes or G. infraradices or B. pumi/us. 
Index was tound 2 when M. phaseolino inoculated plants were treated 
with P. alcaligenes or G. infraradices or 6. pumilus or M. incognita plus 
M. phaseo//na inoculated plants were treated with P. a/ca//genes plus 
6. punnilus or G. infraradices plus 6. pumilus or G. infraradices plus P. 
alcaligenes. In other treatments index was reduced to 1 (Table 16). 
6.E Effect on chlorophyll, N, P and K concentrations 
Inoculation of P. alcaligenes, B. pumilus and G. infraradices alone and 
in combination to plants without pathogens caused a significant 
increase in chlorophyll, nitrogen, phosphorus and potassium 
concentrations over uninoculoted controls (Table 17). Inoculation of P. 
a/ca//genes to plants without pathogens caused a greater increase in 
chlorophyll, nitrogen and potassium concentrations than caused by B. 
pumilus. Increase in phosphorus concentration was found to be 
greater in G. infraradices inoculated plants than in plants inoculated 
with B. pumilus. However, increase in chlorophyll, nitrogen and 
potassium concentrations caused by G. infraradices was similar to that 
caused by B. pumilus. Combined inoculation of G. infraradices with P. 
alcaligenes plus B. pumilus caused a greater increase in chlorophyll, 
nitrogen and potassium concentrations than caused by P. alcaligenes 
plus B. pumilus or G. infraradices plus B. pumilus. However, use of G. 
infraradices with P. alcaligenes to plants with out pathogens caused 
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Table 17. Effect of G. intraradices, P. alcaligenes and B. pumilus on total ctilorophyil 
(Chi.), nitrogen (N), phosphorus (P) and potassium (K) concentrations In M. 
incognita (Ml) and M. phaseolina (MP) inoculated and uninoculated 
chickpea plants 
Treatments 
Control 
M. incognita 
M. phaseolina 
M. incognita 
+ 
M. pliaseolina 
C 
Gi 
Pa 
Bp 
Gi + Pa 
Gi + Bp 
Pa + Bp 
Gi + Pa + Bp 
C 
Gi 
Pa 
Bp 
Gi + Pa 
Gi + Bp 
Pa + Bp 
Gi + Pa + Bp 
C 
Gi 
Pa 
Bp 
Gi + Pa 
Gi + Bp 
Pa + Bp 
Gi + Pa + Bp 
C 
Gi 
Pa 
Bp 
Gi + Pa 
Gi + Bp 
Pa + Bp 
Gi + Pa + Bp 
LS.D. p = 0.05 
C = Control; Gi = ( 
Values within eac 
Slomus intraradi 
h column follow 
Chi. (mg/g) 
fresh weight 
2.394kl 
2.506hi 
2.598g 
2.448ijk 
2.884ab 
2.734cd 
2.808bc 
2.962a 
2.1380 
2.286mn 
2.424jkl 
2.218n 
2.628efg 
2.574gh 
2.602g 
2.694def 
2.230n 
2.362kl 
2.496hij 
2.412k 
2.638efg 
2.592g 
2.618fg 
2.698de 
1.602t 
1.704s •, 
1.808r 
1.710s 
2.058P 
1.892q, 
1.964q 
2.1120P 
0.079 
ces; Pa = Pseud 
ed by sonne left 
N (mg/g) 
dry weight 
3.39ijk 
3.56fgh 
3.70cde 
3.53fgh 
3.86ab 
3.74bcd 
3.80bc 
3.94a 
2.86rs 
3.15nop 
3.31jklm 
2.98qr 
3.52ghi 
3.36ikl 
3.50ghi 
3.59efg 
3.08opq 
3.26klmn 
3.44hij 
3.23lmn 
3.66def 
3.54fgh 
3.60defg 
3.72cde 
2.46U 
2.64t 
2.74st 
2.61t 
3.16nop 
2.84rs 
3.03pq 
3.20mno 
0.13 
omonas alcali 
9r are not sign 
P (mg/g) 
dry weight 
0.336hijkl 
0.364de 
0.354ef 
0.348efg 
0.386ab 
0.371 cd 
0.378bc 
0.392a 
0.274rs 
,0.3241m 
0.304no 
0.291 pq 
0.332ikl 
0.3261 
0.330kl 
0.346fgtii 
0.286pqr 
0.3281 
0.312mn 
0.306no 
0.344fghij 
0.334ijkl 
0.341ghijki 
0.349fg 
0.248t 
•0.281 qr 
0.268s 
0.264s 
0.296OP 
•0.285pqr 
0.290pq 
0.308no 
0.012 
genes; Bp = 6c 
ficantly differe 
K(mg/g) | 
dry weight 
1.67tlii 
1.76efg ; 
1.83cde 
1.74fgh : 
1.92ab : 
1.85cd 
1.87bc 
1.96a 
1.38qrs 
1.53mn 
1.63jkl 
1.50mno 
1.76efg ; 
1.66ij 
1.68hii 
1.78defg 
1.45opq 
1.561m 
1.64ijk 
1.54mn 
1.77efg i 
].67h\\ 
1.71ghi 
1 .SOcdef 
1.19U 
1.31st 
1.37rs 
1.28t 
l.Slmno 
1.42pqr 
1.46nop 
1.57klm 
0.07 
)C/7/us pumilus 
>nt (p = 0.05) 
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similar increase in cinforoplnyll, nitrogen and potassium concentrations 
ttiot was caused by inoculation of G. infraradices with P. alcaligenes 
plus 6. pumilus (Table 17). 
Meloidogyne incognito caused a similar reduction in phosphorus and 
potassium concentrations to that caused by M. phoseoiino (Table 17). 
Inoculation of P. alcoligenes to plants inoculated with pathogens 
caused a greater increase in chlorophyll, nitrogen and potassium 
concentrations than-.caused by B. pumilus. Increase in phosphorus 
concentration caused by G. introradices was greater than caused by 
6. pumilus. However, Increase in chlorophyll, nitrogen and potassium 
concentrations caused by G. infraradices was similar to that caused by 
B. pumi/us. Combined inoculation of G. infraradices with P. alca/igenes 
plus B. pumilus caused a greater increase in chlorophyll, nitrogen, 
phosphorus and potassium concentrations than caused by P. 
alcaligenes plus B. pumilus or G. infraradices plus B. pumilus. However, 
inoculation of G. infraradices with P. alcaligenes to plants with 
pathogens caused a similar increase in chlorophyll, nitrogen, 
phosphorus and potassium concentrations to that caused by 
inoculation of G. infraradices with P. alcaligenes plus B. pumilus 
(Table 17). 
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Experiment 7. Effect of Glomus intraradices, Rhizobium sp., and 
Pseudomonas straita on the growth, chlorophyll, nitrogen, 
phosphorus and potassium concentrations and root-rot disease 
complex of chickpea 
7.A Effect of shoot dry weight 
Inoculation of plants witt^out pathogens with Rhizobium, P. sfroifa and 
G. infraradices alone and in combination significantly increased shoot 
dry weight over uninoculated controls (Table 18). Rliizobium caused a 
greater increase in shoot dry-weight of plants without pathogens than 
caused by G. infraradices. Inoculation of P. straita caused a sinnilar 
increase in shoot dry weight as by G. intraradices. Connbined 
inoculation of G. infraradices with P. straita plus Rhizobium caused a 
greater increase in shoot dry weight than caused by G. intraradices 
with P. straita or G. intraradices plus Rhizobium. However, use of P. 
straita plus Rhizobium to plants without pathogens caused a similar 
increase in shoot dry weight as by combined inoculation of G. 
intraradices with P. straita plus Rhizobium (Table 18). 
Inoculation of M. incognita / M. phaseolina or both caused a 
significant reduction in shoot dry weight over uninoculated controls 
(Table 18). Inoculation of G. intraradices, P. straita and Rhizobium 
caused a significant increase in shoot dry weight of pathogen 
inoculated plants. Inoculation of Rhizobium caused a greater increase 
in shoot dry weight of pathogens inoculated plant than caused by 
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p. sfroifo or G. infrarodices. Combined inoculation of G. infraradices 
with P. sfraifa plus Rhizobium to pathogen inoculated plant caused a 
greater increase in shoot dry weight than caused by inoculation of G. 
infraradices plus Rhizobium or G. infraradices plus P. sfraifa. However, 
inoculation of P. sfraifa with Rtiizobium caused a similar increase in 
shoot dry weight as by the inoculation of G. infraradices with P. sfraifa 
plus Rh/zobium (Table 18). 
Number of pods per plant was significantly reduced in plants 
inoculated with M. incognifa I M. pfiaseolina or both (Table 18). 
Inoculation of Rh;zob/um / P. sfraifa I C. infraradices alone or in 
combination significantly increased number of pods per plant both in 
pathogen inoculated and uninoculated ones. No. of nodules per root 
system were significantly higher in Rfiizobium inoculated plants 
compared to uninoculated 'ones. Inoculation of Rfiizobium with P. 
sfraifa / G. infraradices further increase root nodulation per root system 
over plants inoculated with Rhizobium alone (Table 18). 
7.B Percent root colonization 
Root colonization by G. infraradices was high when inoculated alone. 
In the presence of P. sfraifa and Rhizobium the root colonization by AM 
fungus was found to be increased while inoculation of pathogens 
reduced root colonization by AM fungus (Table 18). 
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7.C Effect on galling and nematode multiplication 
Number of galls per root syste'm and nematode multiplication was high 
when M. incognita was inoculated alone. Root galling and nematode 
multiplication was reduced in the presence of M. phaseoiina. 
Inoculation of Rh/zobium caused higher reduction in galling and 
nematode multiplication followed by P. straita and G. intraradices. 
Combined inoculation of G. intraradices plus P. sfraifa and Rhizobium 
caused highest reduction in galling and nematode multiplication than 
by P. straita plus Rtiizobium I G. intraradices plus Rhizobium or G. 
intraradices plus P. straita (Table 18). 
7.D Root-rot indices 
Root-rot indices were 3 and 5 when M. ptiaseolina was inoculated 
alone and together with M. incognita respectively (Table 18). Index 
was reduced to 2 when M. ptiaseolina inoculated plants were treated 
with G. intraradices I P. straita I Rhizobium singly or in combination of 
any two. Combined inoculation of these three organisms to M. 
phaseoiina inoculated plants reduced index to 1. Inoculation of G. 
intraradices I P. straita I Rhizobium to plants with both pathogens 
reduced index to 4. Use of G. intraradices plus P. straita or G. 
intraradices with Rhizobium to plants with both pathogens reduced 
index to 3. However, combined inoculation of all the three 
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microorganisms or use of P. sfraifa witin Rhizobium to plants witin both 
pathogens reduced index to 2 (Table 18). 
7.E Effect on chlorophyll, N, P and K concentrations 
Inoculation of plants without pathogens with P. sfraifo, Rhizobium and 
G. infraradices alone and in combination caused a significant increase 
in chlorophyll, nitrogen, phosphorus and potassium concentrations 
over uninoculated controls (Table 19). Inoculation of Rhizobium to 
plants without pathogens caused a greater increase in chlorophyll, 
nitrogen and potassium concentrations than caused by G. 
intrarodices. However, increase in phosphorus and potassium 
concentrations by P. straifa was similar to that caused by G. 
infraradices. Increase in nitrogen, phosphorus and potassium 
concentrations caused by Rhizobium was similar to that caused by P. 
sfraifo. Simultaneous inoculation of plants with G. infraradices and 
P. sfraifa plus Rhizobium increased chlorophyll, phosphorus and 
potassium concentrations greater than by P. sfriafa plus Rhizobium or 
G. infraradices plus Rhizobium. However, use of G. infraradices with P. 
sfraifa to plants without pathogens caused a similar increase in 
phosphorus and potassium concentrations as by inoculation of G. 
infraradices with P. sfriafa plus Rhizobium (Table 19). 
Inoculation of M. incognifa and M. phaseolina alone and in 
combination caused a significant reduction in chlorophyll, nitrogen, 
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Table 19. Effect of G. intraradices. P. straita and Rhizobium sp., on total ctiloroptiyll 
(Ctil.), nitrogen (N), ptiosptiorus (P) and potassium (K) concentrations in M. 
incognita (Ml) and M. phoseoWno (MP) inoculated and uninoculated 
ctilckpea plants 
Treatments 
Control 
M. incognita 
M. phaseolina 
M. incognita 
+ 
M. phaseolina 
C 
Gi 
Ps 
R 
Gi + Ps 
Gi + R 
Ps + R 
Gi + Ps + R 
C 
Gi 
Ps 
R 
Gi + Ps 
Gi + R 
Ps + R 
Gi + Ps + R 
C 
Gi 
Ps 
R 
Gi + Ps 
Gi + R 
Ps + R 
Gi + Ps + R 
C 
Gi 
Ps 
R 
Gi + Ps 
Gi + R 
Ps + R 
Gi + Ps + R 
L.S.D.p = 0.05 
Ch\. (mg/g) 
frestt weigtit 
2.398kl 
2.492J 
2.584i 
2.716fg 
2.848cd 
2.932bc 
2.964b 
3.116a 
2.124P 
2.246no 
2.288mn 
2.3721m 
2.598hi 
2.654ghi 
2.686fgh 
2.772ef 
2.234no 
2.3561m 
2.382kl 
2.466jk 
2.582i 
2.698fc3 
2.742efg 
2.822de 
1.622u 
1.728t 
1.804st 
1.892rs 
1.948qr 
1.996q 
2.1620P 
2.212op 
0.088 
N (mg/g) 
dry welgtit 
3.411m 
3.54ijkl 
3.68efgln 
3.76def 
3.86bcd 
3.91 be 
3.98ab 
4.06a 
2.96pq 
3.18no 
3.30mn 
3.48kl 
3.52jkl 
3.59hijk 
3.64fghii 
3.68efgh 
3.120 
3.29mn 
3.48k! 
3.53jkl 
3.62ghijk 
3.69efg 
3.78cde 
3.84bcd 
2.48t 
2.67s 
2.72r 
2.82qr 
3.08op 
3.130 
3.20no 
3.28mn 
0.14 
P (mg/g) 
dry welgtit 
0.338ij 
0.368def 
0.362efg 
0.354gh 
0.394ab 
0.386bc 
0.380cd 
0.402a 
0.276st 
0.318kl 
0.312lmno 
0.296pqr 
0.362efg 
0.356fgh 
0.348hi 
0.368def 
0.288rs 
0.326jk 
0.316k(m 
0.304mnop 
0.374cde 
0.366efg 
0.360fgh 
0.381 bed 
0.246U 
0.298pqr 
0.286rs 
0.264t 
0.314klmn 
0.302nop 
0.300opq 
0.318kl 
0.013 
K (mg/g) 
dry weight 
1.69jk 
1.82cdefg 
1.78fghi 
1.73hij 
1.96ab 
1.90bc 
1.87cde 
1.99a 
1.39qr 
1.60lmn 
1.55mn 
1.50op 
1 .SOdefgh 
1.74ghij 
1.70iik 
1.84cdef , 
1.44pqr 
1.68jkl 
I.64k( 
1.54mno 
1.82cdefg 
1.79efgh 
1.74ghij 
1.88bcd 
1.18U 
1.36rs 
1.30st 
1.27t 
1.55mn 
1.52nop 
1.46opq 
1.62klm 
0.08 
C = Control; Gi = Glomus intraradices; Ps = Pseuc/omonas straita; R -Rhizobium sp. 
Values within each column followed by some letter ore not significantly different (p = 0.05) 
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phosphorus and potassium concentrations over uninoculated controls 
(Table 19). Reduction in chlorophyll, nitrogen, phosphorus and 
potassium concentrations was greater when hA. incognita and M. 
phaseolina were inoculated together than the inoculation ot either of 
them. Inoculation of Rh/zob;um to plants inoculated with pathogens 
caused a greater increase in nitrogen and potassium concentrations 
than caused by G. infrarodices or P. straifa. However, increase in 
phosphorus concentration by G. infrarodices was greater than caused 
by Rhizobiunn. Increase in chlorophyll, nitrogen and potassium 
concentrations caused by G. infrarodices was similar to that by P. 
sfraifa. Combined inoculations of G. infrarodices with P. sfriofo plus 
Rhi'zobium caused a greater increase in chlorophyll, nitrogen and 
potassium concentrations than by P. sfriafa plus G. infrarodices or G. 
infrarodices plus P. sfraifa (Table 19). 
4,5 Field Experiment 
Experiment 8. Effect of ptiosphate solubilizing microorganisms and 
Rhizobium sp. on the growth, yield and root-rot disease complex of 
chickpea under field condition 
8.A Effect on shoot dry weight 
Inoculation of plants without pathogens with G. infrarodices, P. pufido, 
P. alcaligenes, A. awomori. P. aeruginosa (Pa28) and Rtiizobium 
significantly increased shoot dry weight over uninoculated controls 
(Table 20). Inoculation of Rhizobium to plants without pathogens 
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caused a greater increase in shoot dry weight to that caused by P. 
pufido or P. aeruginosa or G. foscicu/afum. However, increase in shoot 
dry weight of plants with P. alcaligenes was similar to that caused P. 
aeruginosa while A. awamori increased shoot dry weight similar to that 
caused by G. foscicu/alum (Table 20). 
Inoculation ot plants with M. incognita and M. phaseolina alone and in 
combination caused a significant reduction in shoot dry weight over 
uninoculated controls (Tabte".20). Reduction in shoot dry weight was 
greater when M. incognita and M. phaseolina were inoculated 
together than the inoculation of either of them. Inoculation of G. 
fascicuiafum, P. pufido, P. alcaligenes, A. awamori, P. aeruginosa and 
Rhizobium significantly increased shoot dry weight of plants with 
pathogens. Inoculation of Rhizobium to plants with pathogens caused 
a greater increase in shoot dry weight than by P. pufido or P. 
aeruginosa or G. fascicuiafum. However, inoculation of P. alcaligenes 
to plants with pathogens caused almost similar increase in shoot dry 
weight as by P. aeruginosa while A. awamori increased shoot dry 
weight similar to that caused by G. fascicu/atum (Table 20). 
Inoculation of M. incognita / M. phaseolina or both significantly 
reduced the number of pods per plant. Inoculation of G. infraradices, 
P. pufido, P. alcaligenes, A. awamori, P. aeruginosa and Rhizobium 
significantly increased the number of pods per plant both in pathogens 
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inoculated and uninoculated ones. The number of nodules per root 
systenn was significantly hiigt^er in plants inoculated witt^ Rhi'zobium 
compared to uninoculated one (Table 20). 
8.B Effect on grain weight and yield 
Inoculation of plants without pathogens with G. intraradices, P. pufido, 
P. alcaligenes, A. awamon, P. oeruginoso and Rh/zob/um significantly 
increased seed weight (per '100 seeds) and yield over uninoculated 
controls (Table 20). Inoculation of Rhizobium to plants without 
pathogens caused a' greater increase in seed weight and yield than 
by P. pufida or P. aeruginosa or G. fasciculafum. However, increase in 
seed weight and yield of plants with P. a/ca//genes was similar to that 
caused P. aeruginosa while A. awamon increased seed weight and 
yield similar to that caused by G. fasciculafum (Table 20). 
Inoculation of plants with M. incognifa and M. pfiaseolina alone and in 
combination caused a significant reduction in seed weight and yield 
over uninoculated controls (Table 20). Inoculation of G. fascicu/afum, 
P. pufida, P. alcaligenes, A. awamori, P. aeruginosa and Rtiizobiunn 
significantly increased seed weight and yield of plants with pathogens. 
Inoculation of Rhizobium caused a greater increase in seed weight 
and yield than by P. pufida or P. aeruginosa or G. fasciculafum. 
However, inoculation of P. alcaligenes to plants with pathogens 
caused almost similar increase in seed weight and yield as caused by 
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p. aeruginosa while A. awamori increased seed weight and yield similar 
to that caused by G. fasciculafum (Table 20). 
8.C Effect on galling 
The number ot galls per root system was high when M. incognita was 
inoculated alone (Table 20). fn presence of M. phaseo//na root galling 
were reduced. Inoculation of P. pufido caused highest reduction in 
galling followed by P: aeruginosa, P. alcaligenes, G. fasciculafum and 
A. awamori. Rhizobium caused almost similar reduction in galling as 
caused by P. pufida (Table 20). 
8.D Root-rot Indices 
Root-rot index was 4 when M. incognita and A/I. pliaseoiina were 
inoculated together (Table 20). Index was reduced to 3 when 
M. incognita plus M. phoseolina inoculated plants were treated with 
G. fasciculafum or A. awamon while index was found to 2 when M. 
incognita plus A^ l. pfiaseoiina inoculated plants were treated singly vv/fh 
P. pufida, P. alcaligenes, P. aeruginosa and Rhizobium. Index was 
reduced to 1 when M. pfiaseolina inoculated plants was treated singly 
with G. fasciculafum, P. pufida, P. alcaligenes, A. awamori, Rfiizobium 
and P. aeruginosa (Table 20). 
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Chapter 5 
DISCUSSION 
About 80 % chickpea fields were found to be infected with root-l<not 
nematode Meloidogyne spp. and root-rot fungus M. phaseolina 
while 46 % fields were found to be simultaneously infected with both 
pathogens. Moreover, 37 % fields were found to be infected with M. 
incognifa and M. phaseolina causing a root-rot .disease complex. 
Plants infected with these two pathogens were very poor in growth, 
showing galling and root-rot symptoms. Chlorosis and nutrient 
deficiency symptoms were visible on their aerial parts. The synergistic 
interaction between these two pathogens is known to cause severe 
damage to this important crop and is a major constraint in its 
successful cultivation (Siddiqui and Husain, 1991a, 1992). Therefore, 
attempts were made to use AM fungi and other PSM for the 
management of root-rot disease complex of chickpea. 
Spore population of AM fungi and percent colonization of chickpea 
roots by these fungi were assessed in the districts surveyed. Most of 
the plants from the fields were found mycorrhizal. Twelve species of 
AM fungi belonging to 5 genera were encountered in the survey. 
Glomus fasciculafum was predominant species with 23.2 % 
frequency of occurrence followed by G. infraradices (17.6 % 
frequency). In total, 8 species of Glomus were encountered in the 
survey with 69.8 % frequency of occurrence. The remaining 19.4 % 
frequency of occurrence wa's shared by Gigaspora, Acoulosporo, 
Scufellospora and Sclerocysfis. AM fungi are found to occur on the 
roots of the nnost of food, horticultural crops and tropical trees 
(Bagyaraj, 1992). Javid (1999) also found Glomus as a predominant 
species in the survey of Aligarh district. 
Eighteen isolates of 6ac/7/us and Pseudomonas were isolated from 
the pathogen suppressive soils of chickpea fields. These isolates 
were tested for their effect on hatching and penetration of M. 
incognita. Root colonization and antifungal activity of these isolates 
were also assessed. Isolates Pa28 and B22 had maximum inhibitory 
effect on hatching and penetration of M. incognito, caused greater 
colonization of chickpea roots and showed antifungal activity. 
Isolates having aggressive root colonization and inhibitory effect on 
hatching and penetration of nematodes are known to suppress 
diseases (Siddiqui ef a/., 2007). Therefore, these two isolates were 
selected for the management of root-rot disease complex of 
chickpea under pot and field condition. 
Siderophores production by 8 isolates of Pseudomonas was also 
studied because isolates which produce sideophores are known to 
suppress disease by inhibition of pathogens by competition for 
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Fe (III) (Kloepper et a!., 1980; Weller, 1988). Isolate Pa28 showed 
greater siderophores production ttian 7 other isolates tested. This 
may be a reason that Pa28 caused greater inhibition in the hatching 
and penetration ot nematodes and showed antitungal activity than 
the other isolates tested. 
All the isolates of Pseudomonos have similar protein bands. Similar 
protein bands were also observed among all the isolates of Bacillus. 
However, Pseudomonos protein band pattern were different from 
Bacillus isolates. This study revealed that identification of 
Pseudomonas and Bacillus species on the basis of proteins band 
patterns is not possible. 
Treatment of AM fungi improved the growth of nematode 
inoculated plants by reducing the multiplication of M. incognita as 
reported by Bagyaraj ef al., (1979). The root-rot index of M. 
pliaseolina inoculated plants was also reduced by AM fungi. Krishna 
and Bagyaraj (1983) reported that AM fungi reduced the severity of 
disease caused by Sclerofium rolfsii while Siddiqui and Mahmood 
(1995a) observed that G. fasciculafum reduced the Fusarium wilt of 
pigeonpea. Reduced damaged by pathogens in mycorrhizal plants 
may be due to physiological'and biochemical changes in the host 
or to an increase in the flow of nutrients which gives mechanical 
strength (Schonbeck, 1979; Siddiqui and Mahmood, 1995d). In 
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addition, inoculation of AM fungi resulted in increased phosphorus 
concentration which offset symptoms of pathogen infestation 
(Hussey and Roncadori, 1982). Root colonization caused by G. 
fosciculafum was greater followed by G. infraradices, G. 
consfricfum, Sclerocysfis sp., G. margorifa and Acaulosporo sp. This 
may be a reason why G. fasciculatum caused greater reduction in 
root-rot disease complex than other AM fungi used. This also resulted 
in greater increase in plaht growth, chlorophyll, nitrogen, phosphorus 
and potassium concentrations than other AM fungi tested. 
Inoculation of G. fascicu/afum resulted in increased growth and 
reduced damage caused by pathogens as discussed in earlier 
paragraph. Treatment with G. fosciculafum is also reported to 
increase phenylalanine and serine in tomato roots (Suresh, 1980) 
and these amino acids have inhibitory effect on nematodes (Reddy, 
1974). Treatment with Rhizobium also resulted in reduced damage 
as reported earlier (Hague and Ghaffar 1993; Siddiqui and 
Mahmood, 1994b). Rhizobium is reported to produce 
antipathogenic substances and reduce nematode multiplication 
(Dropeau ef ol., 1973; Siddiqui and Mahmood, 1994b). Combined 
application of G. fosciculofum and Rhizobium resulted in more 
nodulation, greater root colonization, and higher increases in 
chlorophyll, nitrogen and phosphorus concentrations. This provided 
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better plant growth besides reducirig damage by pathogens as 
reported by Manjunoth and Bagyaraj (1984). 
Treatment with G. infraradices improved the growth of nematode 
inoculated plants by reducing the multiplication of pathogens 
like other AM fungi as discussed earlier. The root-rot index of 
M. phaseolina inoculated plants was also reduced by G. 
infraradices. Bodker ef al., (1998) reported that G. infraradices 
reduced the severity of root-rot disease caused by Aphanomyces 
efue/ches in pea while Akkopru and Demir (2005) observed that G. 
infraradices reduced the Fusarium wilt of tomato. In addition, 
inoculation of G. infraradices resulted in increase in phosphorus 
concentration which offset symptoms of the pathogen infestation 
(Hussey and Roncadori, 1982; Carnon ef al., 1996; Waceke ef ai., 
2001). Treatments with phosphate solubilizing bacterium and fungus 
also improved the growth of plant possibly through an inhibitory 
effect on nematode development as reported (Becker ef al.. 1988; 
Kloepper ef al., 1992; Haseeb'ef al., 2005). Bacillus may also improve 
plant growth by suppressing parasitic and non-parasitic root 
pathogens (Oostendrop and Sikora, 1989; Siddiqui, 2006). A lot of 
studies on the Bacillus showed that this microorganism can increase 
the yield of several crops (Merriman ef al., 1974; Turner and 
Backman, 1986). Use of A. awamori also produced phenyl ethanoL 
phenyl acetic acid, pinenoxy acetic acid etc. (Nair and Burke, 1988) 
which may suppress Fusarium spp., Scierofium spp., Phyfophthoro 
spp. etc. (Palakshappa et a/., 1989). Combined inoculation of A. 
awamori and Bocillus with G.infraradices resulted more nodulation, 
greater root colonization, higher increase in chlorophyll, nitrogen, 
phosphorus and potassium concentrations probably because of 
positive interaction and adverse effects on pathogens. Inoculation 
of G. infraradices, A. owomori and Bacillus not only improve the 
growth, chlorophyll, nitrogen, phosphorus and potassium 
concentrations of plants but also reduced root-rot disease index. 
Glomus infraradices potential to improve growth of nematode 
infected plants has already been discussed. Phosphates solubilizing 
microorganisms improved the growth of plants possibly through an 
inhibitory effect on nematode development as reported by Becker 
ef a/., (1988); Kloepper ef al., (1992); Haseeb ef al., (2005). 
Pseudomonads may also improve plant growth by suppressing 
parasitic and non-parasitic root pathogens (Oostendrop and Sikora, 
1989), by the production of biologically active substances (Gamliel 
and Kafan 1993), or by converting unavailable minerals and organic 
compounds into forms available to plants (Broadbent ef al., 1977, 
Siddiqui and Mahmdod, 1999a). In addition an induced systemic 
resistance by Pseudomonas is also considered a mechanism for the 
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biocontrol of plant pathogens (Wei ef oL. 1996). Inoculation of A. 
awamori is also reported suppress several plant pathogens 
(Palakshappa ef a/., 1989) as discussed earlier. Our results show that 
combined inoculations with phosphate solubilizing microorganisms 
increased nodulation and root colonization as well as increasing 
tissue nitrogen, phosphorus, potassium and chlorophyll compared to 
Individual inoculation besides reducing the damage caused by 
pathogens. Inoculation with G. infraradices, A. awamori and P. 
aeruginosa not only improved the growth, chlorophyll, nitrogen, 
phosphorus and potassium concentrations of plants but also 
reduced the root-rot. 
Despite this positive result, it should be remembered that P. 
aeruginosa is the epitome of an opportunistic pathogens of humans. 
This bacterium almost never infects uncompromised human tissues 
but its use as biocontrol agent may involve some health problems. 
Role of G. infraradices in improving growth of nematode infected 
plants by reducing their multiplication has already ben discussed. 
Similarly, pseudomonads may also improve plant growth by 
suppressing parasitic and non-parasitic root pathogens as discussed 
in earlier paragraph. Siderophores production by P. pufida was 
greater than with P. polymyxa (Siddiqui ef al., 2007). This may be a 
reason why P. pufida caused greater reduction in galling and 
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nematode multiplication than P. po//m/xa. Paenibacillus polymyxa 
is also involved in plant growth promotion (Timmusk ef al., 1999). 
Indirect promotion of plant growth occurs when P. polymyxa 
antagonises or prevents the effects of phytopathogens or 
deleterious microorganisms (Click, 1994). Paenibacillus polymyxa is 
known to produce antibiotic compounds and inoculation with P. 
polymyxa suppresses several plant pathogens (Yuen ef al., 1991; 
Oedjijono ef al., 1993). Induced resistance is also known as a 
mechanism of disease suppression which may be a result of root 
colonisation by plant growth promoting rhizobacteria (Alstrom, 1991; 
Wei ef al., 1991). Lipopolysaccharides from the bacterial outer 
membranes (Van Peer and Schippers, 1992); siderophores (Leeman 
ef al., 1996), jasmonic acid and ethylene (Pieterse ef al. 1998) have 
all been proposed to be involved in the induction of induced 
systemic resistance. Siderophores production by P. polymyxa was 
lesser than P. pufida (Siddiqui ef al., 2007) and as a result, P. 
polymyxa caused less reduction in galling and nematode 
multiplication than P. pufida. Pseudomonas pufida, P. polymyxa and 
G. infraradices interacted odditively in reducing galling and 
nematode multiplication. As a result, plant growth was increased 
and root-rot disease index was reduced greatly. 
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Glomus infraradices, P. alcaligenes and 6. pumilus were employed 
individually and concomitantly for ttie biocontrol of ihe root-rot 
disease complex of chickpea. PSM isolates promote and stimulate 
colonization of AM fungus are called 'Mycorrhiza helper bacteria' 
(Barea e l a/., 1998) and also stimulate the germination of AM spore 
and mycelial development (Meyer and Linderman, 1986). 
Combined application of AM fungus and PSM caused an increase 
in root colonization than individual application. Moreover, 
combined applications of G. infraradices wWh PSM isolates inhibit 
pathogens efficiently (Budi ef- al., 1999) than individual inoculation. 
Mutual establishment also improves plant rooting and enhances 
plant grov/th and nutrition (Azcon-Anguilar and Barea, 1996) which 
resulted in greater increase in plant growth. Soil, pH and availability 
of nutrients can play major role in disease management. Adequate 
crop nutrition makes plants more tolerant or resistant to disease 
(Sullivan, 2004). Generally, higher nitrogen concentration in soil had 
on adverse effect on the development of nematodes (Barker ef al., 
1972). Barker and Huisingh (1970) observed necrosis in nodular tissue 
following invasion by nematodes. This may impart account for 
reduced nematode development. Similarly, availability of potassium 
in soil increases plant growth and reduce nematode reproduction 
(Siddiqui et al., 2000). Moreover, phosphorus is useful in enhancing 
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root growth and host tolerance along with root absorptive capacity 
(Hussey and Roncadori, 1982). Phosphorus is known to reduce soil 
pH, which has an adverse effect on nematode multiplication (Pant 
ef ai, 1983). Generally, effect of NPK on plant growth and induced 
resistance are not reproducible under field condition. The variability 
of chemically induced resistance may be due to differences in soil 
microbial activity which may modify soil temperature and humidity 
(Wiese ef ai, 2003) 
Role of G. infraradices and Pseudomonas in disease management 
has already been discussed. Nematode population was also 
reduced in Rhzob;um inoculated plants and uninoculated ones. 
Root nodule bacteria' fix atmospheric nitrogen and reported to 
produce toxic metabolites inhibitory to many plant pathogens 
(Hague and Ghaffar, 1993). Barker and Huisingh (1970) observed 
necrosis in nodular tissues following invasion by nematodes, this in 
part may account for reduced nematode development. Rhizobium 
secretes rhizobitoxine (Chakraborty and Purkayastha, 1984) while 
Rhizobium leguminosarum is reported to produce increased level of 
phytoalexin (4-hydroxy-2,3,9 trimethoxy pterocarpan) in pea 
(Chakraborty and Chakraborty, 1989). Roslycky (1967) reported 
production of an antibiotic bacteriocin by rhizobia. All this suggests 
that application of rhizobia bacteria which increase nitrogen 
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concentration and plant growth can also reduce nematode 
multiplication (Siddiqui and Mahmood, 1995d). 
Glomus infraradices, P. stroifo and Rhizobium were employed 
individually and concomitantly for the biocontrol of the root-rot 
disease complex of chickpea. Pseudomonos isolates promote and 
stimulate colonization of AM fungus are called 'Mycorrhizo helper 
bacteria' (Barea et a/., 1998) and also stimulate the germination of 
AM spore and mycelial development (Meyer and Linderman, 1986). 
Combined application of AM fungus, Pseudomonas and Rhizobium 
caused increased root colonization and root nodulation than 
individual application. Moreover, combined applications of G. 
infraradices with bacteria inhibit pathogens efficiently (Budi ef al., 
1999) than individual inoculation. Mutual establishment also 
improves plant rooting and enhances plant growth and nutrition 
(Azcon-Anguilar and Barea, 1996) which resulted in greater increase 
in plant growth and better management of root-rot disease 
complex. 
Fifteen microorganisms were tested for the management of root-rot 
disease complex under pot condition. Out of fifteen, 6 
microorganisms found best under pot condition and were tested 
under field condition. Root nodules bacterium Rhizobium sp. 
performed better in the management of root-rot disease complex 
followed by P. pufida, Pa28, P. alcaligenes, G. fasciculatum and 
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A. awamori. Root n'odules. formed by Rhizobium under field 
condition were larger ttnan t^ ^e nodules formed in the plants under 
pot condition. Higtier nitrogen fixation by large size nodules may 
account for reduced nematode development (Barker and Huisingh, 
1970). Pseudomonos pufida tiad greater siderophores production 
ttian P. alcaligenes (Siddiqui ef ai, 2007). This may be a reason that 
P. pufida was better than P. alcoiigenes under field condition. Pa28 
also showed greater siderophores production among 
pseudomonads isolated from chickpea fields and performed better 
than G. fasciculafum and A. awamori. Least effectiveness of G. 
fasciculafum and A.'awamori may be attributed their inability to 
adapt in the field condition with other soil microflora. 
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Chapter 6 
SUMMARY AND CONCLUSIONS 
Five hundred root and soil samples collected from chickpea fields 
were examined for the presence of root-knot nematode 
Meloidogyne spp., and root-rot fungus Mocrophomina phaseolino. 
Root-knot nematode A/leloidogyne spp. was found in 396 samples 
while M. phaseolino was isolated from 228 samples. Out of 396, 288 
samples showed the presence of M. incognito while 108 samples 
were found to be infected with M. javanico. Moreover, M. incognito 
was present in 101 samples without M. ptioseolino while in 187 
samples it was present together with M. phaseolino. Similarly, M. 
javanico was present without M. ptioseolino in 81 samples while in 27 
samples it was present with M. ptiaseolind. Macroptionnino 
ptioseolino was isolated from 228 samples. Out of 228, in 14 samples 
M. ptioseolino was present alone, while in the remaining 214 
samples it was present with Meloidogyne spp. 
Out of 500 samples, 446 samples showed the presence of AM fungi. 
There were 12 species of AM fungi belonging to the 5 genera 
namely Glomus, Gigosporo, Acoulospora, Sclerocystis and 
Scutellosporo. The mycorrhizal colonization varied from 6-64 %. The 
maximum colonization was caused by G. fascicu/afum followed by 
G. infrarodices, G. consfricfum, Sclerocysfis sp., Gigasporo sp., 
Acoulospora sp., G. aggregafum, Glomus sp., G. mosseae, G. 
efunicafum, G. daroideum and Scufellospora sp. 
Eighteen isolates of bacteria were isolated from pathogen 
suppressive soils of chickpea fields and identified using Bergey's 
Manual of Deternninative Bacteriology (Hort et. a(., 1994). Five 
isolates (Pa22, Pa23, Pa24, Pa26 and Pa28) were identified as 
Pseudomonas aeruginosa (Pa) while 3 isolates (Pf21, Pf25 and Pf27) 
as Pseudomonas fluorescens:. Biochennical tests for Bacillus showed 
variable response. Comparison of these results with Bergey's Manual 
of Determinative Bacteriology, these 10 isolates may belong to 6. 
coagulans, B. cirulans, 6. macerans, B. anfhracis and 6. cereus. 
Effect of 18 isolates of Bacillus and Pseudomonas were studied on 
the hatching and penetration of M. incognita. Among Bacillus 
isolates, B22 had maximum inhibitory effect on hatching and 
penetration of M. incognita while isolates B30 and B26 were least 
effective. Out of Pseudomonas isolates, Pa28 caused maximum 
inhibitory effect on hatching and penetration of M. incognita while 
isolate Pf21 and Pa24 were least effective. Pseudomonas 
aeruginosa (Pa28) caused maximum colonization of chickpea roots 
while Bacillus (B30) the least. Isolates Pa22, Pa23, Pa26, Pf27, Pa28, 
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B22, B27 and B28 had inhibitory effect against A/I. phoseolina out of 
18 isolates tested. 
Pseudomonas aeruginosa (Pa28) showed the greater siderophores 
production followed by Pf27, Pf26, Pf21, Pa26 and Pa23. However, 
isolates Pa22 and Pa24 were unable to produce siderophores. 
Electrophoretic study revealed that all the Pseudomonas isolates 
have almost similar protein band pattern. Similar protein bands were 
also observed among all the Bacillus isolates. However, protein band 
pattern of Bacillus and Pseudonnonas was different. 
Six species of AM Fungi, isolates of Bacillus and Pseudomonas (822 
and Pa28) collected from chickpea fields, 6 isolates [Pseudomonas 
pufida, P. sfraita, P. alcaligenes. Paenibacillus polymyxa, Bacillus 
pumilus and Aspergillus awamori ] obtained from culture collections 
and root-nodule bacterium Rhizobium sp., were tested for the 
management of root-rot disease complex under pot and field 
condition. 
Six species of AM fungi were tested for the management of root-rot 
disease complex of chickpea. Glomus fasciculafum caused a 
greater increase in plant growth, pod number, chlorophyll, nitrogen, 
phosphorus and potassium concentrations of pathogen inoculated 
plants followed by G. infraradices, G. consfricfum, Sclerocysfis sp., G. 
margarifa, Acaulospora sp. Percent root colonization caused by G. 
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fasciculofum was high followed by G. infraradices, G. consfricfum, 
Sclerocysfis sp., G. margarifa, Acaulospora sp. Glomus fasciculafum 
also caused higher reduction in root-rot index, galling and 
nematode multiplication while Acaulospora sp. produced the least. 
Effect of Glomus fasciculafum and Rhizobium was observed on the 
root-rot disease complex of chickpea. Application of G. 
fasciculafum and Rfiizobium alone and in combination to plants 
with pathogens increased plant growth, pod number, chlorophyll, 
nitrogen, phosphorus and potassium concentrations and also 
reduced the galling, multiplication of nematodes and root-rot index. 
Inoculation of Rhizobium caused greater reduction in galling and 
nematode multiplication than caused by G. fasciculafum. 
Inoculation of both the symbionts together were more beneficial for 
plant growth and reducing root-rot index than either of them. 
Pathogens had adverse effects on root colonization by G. 
fasciculafum. However, root colonization and root nodulation was 
increased when both symbionts were inoculated together. 
Effect of Aspergillus awamori, Bacillus sp. (isolate B22) and Glomus 
infraradices was studied on the root-rot disease complex of 
chickpea. Application of these microorganisms alone and in 
combination caused an increase in plant growth^ number of pods, 
chlorophyll, nitrogen, phosphorus and potassium concentrations. 
Inoculation of A. awamori caused a greater reduction in galling and 
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nematode multiplication followed by G. intrarodices and Bacillus sp. 
Greatest increase in plant growth was observed when A. awamori 
and Bacillus sp., were used together with G. infraradices. Combined 
inoculation of these microorganisms was more beneficial for the 
plant growth and reducing root-rot index and nematode 
multiplication than their individual inoculation. 
The effect of Aspergillus awamori, Pseudomonas aeruginosa (isolate 
Pa28) and Glomus infraradices was evaluated on the root-rot 
disease complex of chickpea. Application of these organisms alone 
and in combination increased plant growth, pod number, 
chlorophyll, nitrogen, phosphorus and potassium concentrations. 
Pseudomonas aeruginosa reduced galling and nematode 
multiplication the most followed by A. awamori and G. infraradices. 
Combined inoculation of these microorganisms caused the greatest 
increase in plant growth and reduced the root-rot index more than 
individual inoculations. Pathogens adversely effected root 
colonization by G. infraradices. However, root colonization and root 
nodulation were increased when co inoculated with P. aeruginosa 
and A. awamori. 
The effect of G. infraradices, Pseudomonas puti'da and 
Paenibacillus polymyxa on the root-rot disease complex of chickpea 
was observed. Inoculation of G. infraradices, P. pufida and P. 
polymyxa alone and in combination significantly increased plant 
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growth, pod number, chlorophyll, nitrogen, phosphorus and 
potassium concentrations .and reduced galling, nematode 
multiplication and root-rot index. Inoculation of plants with P. putida 
most effectively reduced galling and nematode multiplication 
followed by G. infraradices and P. polymyxa. Combined inoculation 
of plants with G. infraradices along with P. putida and P. polyrDyxa 
caused the greatest reduction in galling, nematode multiplication 
and root-rot index. Pathogens had adverse effects on root 
colonization by G. infraradices, while root colonization by arbuscular 
mycorrhizal fungus was increased in the presence of P. putida and 
P. polymyxa. 
The effect of G. infraradices, Pseudomonas alcaligenes and 6ac/7/us 
punnilus on the plant growth, pod number, chlorophyll, nitrogen, 
phosphorus and potassium concentrations and on the root-rot 
disease complex of chickpea was observed. Inoculation of plants 
with P. alcaligenes most effectively reduced galling and nematode 
multiplication, followed by G. infraradices and 6. pumilus. Combined 
inoculation of plants with G. infraradices along with P. alcaligenes 
and 6. punnilus caused the greatest reduction in galling, nematode 
multiplication and ropt-rot index. Root colonization by arbuscular 
mycorrhizal fungus was increased in the presence of P. alcaligenes 
and 6. punnilus. 
164 
Effect of G. infrorodices, Rhizobium sp., and Pseudomonas sfraifa on 
the root-rot disease complex of chickpea was observed. Inoculation 
of Rhizobium caused a greater increase in plant growth, pod 
number, chlorophyll,' nitrogen, phosphorus • and potassium 
concentrations of pathogens inoculated plant than caused by P. 
sfroifa or G. infraradices. Combined inoculation of G. infraradices 
with P. sfraifa plus Rhizobium to pathogen inoculated plants caused 
greater increase in plant growth, pod number, chlorophyll, nitrogen, 
phosphorus, and potassium concentrations than by inoculation of 
G. I'ntrarad/ces plus Rhizobium or G. infraradices plus P. sfraifa. 
Number of nodules per root system was significantly higher in plants 
inoculated with Rhizobium compared to uninoculated ones. Root 
colonization by G. infraradices was high in plants inoculated alone. 
In the presence of P. sfraifa and Rhizobium root colonization by AM 
fungus was found to be increased. Inoculation of Rhizobium caused 
higher reduction in galling and nematode multiplication followed by 
P. sfraifa and G. infraradices. Maximum reduction in galling and 
nematode multiplication was observed when AM fungus was 
inoculated with both bacteria. 
Effect of G. fascicuiafum, P;. pufida, P. alcalig6nes, A. awamori, 
P. aeruginosa (isolate Pa28) and Rhizobium was observed on the 
growth, nodulation, , yield and root-rot disease complex was 
observed under field condition. Inoculation of Rhizobium caused 
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greater irncrease in plant growth and yield than P. putida I P. 
aeruginosa or G. fasciculafum. Number of nodules per root system 
was significantly higher in plants inoculated with Rhizobium 
compared to plants without Rhizobium. Inoculation of P. putida 
caused highest reduction in galling followed by P. aeruginosa, P. 
alcaligenes, G. fasciculafum and A. awamori. while Rhizobium 
caused almost similar reduction in galling as caused by P. pufida. 
The finding of my study leads to the following conclusions; 
1. About 40 % chickpea fields were found to be infected with 
M. incognita and A^ . phaseolina causing the root-rot disease 
complex of chickpea in the area surveyed. 
2. Glomus fasciculafum and G. intraradices were the predominant 
species of AM fungi colonizing the chickpea roots in the fields. 
3. Out of 18 isolates of Pseudomonas and Bacillus isolated from 
chickpea fields, Pa28 and B22 were found the best isolates for the 
management of root-rot disease complex in the green house 
test. 
4. Out of six species of AM fungi, G. fasciculafum was best for the 
management of root-rot disese complex followed by G. 
intraradices in pot test. 
5. Out of 7 isolates of phosphate solubilizing bacteria tested for the 
management of root-rot disease complex Pseudomonas putida 
was found best followed by P. alcaligenes in pot test. 
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6. Out of two symbionts, root nodule bacterium Rhizobium sp., 
provided better management of root-rot disease complex than 
G. fasciculafum in pot test. Combined inoculation of both 
symbionts provided better management of disease complex 
than use of either of them. 
7. Pseudomonas pufida with G. infraradices was better for the 
management of root-rot disease complex than use of any other 
combination of two'microorganisms in pot test.' 
8. Combination of G. infraradices plus P. pufida with Paenibacillus 
polymyxa was found best among all the tested combinations 
under pot condition. 
9. Aspergillus awamori provided almost similar management of 
root-rot disease complex as was caused by G. fasciculafum 
under field condition. 
10. Under field condition, Rhizobium sp., was found best for the 
management of root-rot disease complex followed by P. pufida 
and P. aeruginosa (Pa28). 
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